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<!—/)) f (j^ J \iJ f JV ( J7’ >>7 f* ( j^t f ^ jt <-^ > ‘jt f l)l Ji 1960 

f *_J f(J* ^ f wL > i-Jr <J^ S i/LC <^2. ( Big Bang Theory ) l/ i»Ja wX l/" l/ (J* (J^ L—f 

( <j£( jf\ ( Steady State Theory ) l/ ^l/l/ L JJIr* ‘J£7 ( Jf! ‘J jh <z— J/ S jlif* 

JyJj j)l ( Arno Allan Penzias ) J'l/si'jl jt 1965 /£ <17 Ji f* jti' jt j(f (f Jr [f'! * ‘J f* jf" 
‘{fyi c^L wJ2) j jfi j)\ jz , yJij) jfi/ ji f ( Robert Woodrow Wilson ) jJ ) 

.if ‘Z'ilf fj I) m jt J Jj ftjsj | '‘fj^jtt J)l f&iL &) S <J&( 

‘i/f tj)/ J /S/ J ‘Z't/^ <£- c/L j) Jft L- c[/i Li (jf~ ( Cosmologists ) jib 
jJ. Lfj j(\ ?.{f {/(?' y l ? tj'f Jc j(l ^if’ | 'fif' jJ. Jj cf j(l (L ( Big Bang ) L>. f <^(( 
Jl f Jj )7.7 j\ (j> <J-t L f j)t ?<£_ £-j yt y> fjf ) J'l/ j/ j/ jt f J! (L ( Jlc 1 ?.(f' 

?ijjV J* ^(*L jCJ'j f c^iJJ yjj 

if j/if (f* ji L- /L)jj ‘if' f f '/ jt j(l y yJtj/ L- jt ‘jt 1 968 f </ ) ijf if * <f 
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** — / * V 
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■ jA' JU j£ jU! iS* J J ! <y J> UjA '/ (jb Jyi jt J> J jJ. L . 1 jL. Jf 


jltl LUf' S jJ* ^fV S J 1 ‘J— J/ £-! iS lX ( J! j i S J J>! l/J y? Jl J/L j J 1 S^ 

j m L jjf [j\ j w-T) {j$} f <SS (f a jS / / Jy^ Jtyi wXl fS <L xS AL S. JiLS Jj Lj 

A Brief ) ”*6>L~ S S S Jj " </(L' S ( Stephen Hawking ) Sf\ Jb A[jJ (JTL !?/ 

<f/ J/.S JL Ll jJj jJl Jj- £- <lS/ Jj LL fr! <L— k s. jt <_J X‘i}l y f' ( History of Time 
1 Ib SL /7! Li jt 1968 ‘S* fl jl J S J J J ^\.f JS >>*f SS L ‘z/i J b L-b J~yz jt 

.J i) J—yz J S i Sf 


iJj S) sjij y J ^t-'U cj ttS L. jt jfi f*U jj! iJjjJ. Jb jj J eJL JL Jj <-f 

S 'f y. (f! S Ljlf^SyzS {[?! i J! jS ‘<z~ jp’.y' Ji Jif j jJ <f Ji i~jJ ‘S 
^e/fijlrJ/S l fyzs v <ClP j Sit ^S^Jl /l jjI 'Jyif [f Sb f SLif f 

7(j/ (/ ety S ‘f- <zjf L Jyi j Lsj/.jj SJ cJp ‘jS If LL J! L cjjf 

fL 2 . J eL-)f JJ LL jJl y jtj ‘ jtf jS Ijtf f j~f y (J^lr" (Jl (J^ rr / b_c/ 1>*I S <jl {fyz 
Li jt ijjl " ‘Jj J JJ U^L'I^I ef eJ. jl 7| y (Jt y i_L JUI^ J <--/ ->-£.jL Zl (J'U' 

(/ c^L/ c/y 9>t* Zl (Cosmologists) c^u/, c//L yjl (jyb ^b/ 7 ^y*L* jU- (/ (J^ <c_ jl/ (/ fjS* 

ji L^ifi <s (jbi ' } s s j~ ss* jS ‘jf iju (j 2 ^ t ‘/— / j*.f j* s s jt s j j 
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o>\j j>II/* Z Lj} Jl <t f J\r>l L±} t (/(10) Jj t J^b <l- )Ij*I L-g l/. 

t yijj/ Ji7 <L~ U [</ jt jijii j'L’ / j/ y jti </> i£* (flf \J> jt jijii (/ /jJ 

J/\t<£ciJ'jt!f' tjif o/. <C”\" jt>j*ji «l_x' j*i * 1 00 , 000 , 000,000 

\f 10 12 /jLjSljil 10 6 Z J/h} 'Jj&SjS'f 10 n 

J)l 10 10 if <£— Ijj) ( Jl) 6 )S ij y ?!£ j Jj / / tfLj/. <L )J 6 < 2 ^ 1 $ )! jf' Jt) > * S l^j jt jfi-j <t <L-\p 

ll/. f J>J l/ JJlj? / Jf) <<L-li/.lf y fj\l ij)l S\j!& tyt jtf ()f J } o)l j /{\&i jt io‘" 

/ ' Jf)" V yi ^f/J / / (f J(i cl- jt Jy^ j/* f\ U <C— L~U f /S / )ij*i <L~yi 

^ u y ‘ 1 , 000 , 000,000 u u u ~ ‘ * " y 

.tLL\J 10 9 (f”ljf JL\b 

/ (f 1 jf' J)l Jy »;l" / LL^t^ (Z * fl)\r <LL- iU)/* ff * f <L~ t ifjjlf C— (J>IT jt 7! Sl 
(‘I r <ll. (JL f ' jtf if U j?j) t jS J llsj) fi ( Futurology ) llJj^ L jf J / /ff* jf ll. if 

.c-J^LLSI/ ^L 'tfjty / (t\S g J)! (jL / / fif! L LLltt 

fjf A J, l fy< (j)/ ‘L— f/. j/ f~ L/)t <<L— iJjtJf J)J / Jij jf J I jt ji <L LL^tjl 
^L" <cLif /. J» 17. ifj t Syi j\g» ll- J/ Jci?! L J?Lk/i j\)j /lm LLn L—jf 

f fj /J <f jf o>l j y Jl Jft <Lyi jl/l y! c— jf jJ j)l Jl/ 7. jt <£-/ <f <f (l/l j)l j\*l 
) j(y <J). j)! J)jJ Jl)/ j)l Jft J7!) ij/ o) c- ( \fl <f J)jJ f ll- jtr / J)l> llLJ) <c~ Jf 
J)/(f /f^fjJ L Jf jJ) t f&ttfl / <<L~ J‘J a>j/. J JM f / / (BlackHoles 

f LL^t f J/ <f ^ jf L* f LL f) ‘Jj <fyi Lm/ f <<L~ jf Jljl J) L/ CL>/ (j Jj if ‘Jl/ 
t iyi \ f ([fl ijf f jZ> Jyi 2—fj\Li t LLlf o>7/ (< f ll. Jif J <fl t <L) f/ ( \fi f 
Jyit ~f. <jJ /> / Jlyf J/ fl / jJ* f LL^t <L— f' ‘CL— Lj' f ’ LL. * J/ Jj <<Lf) 
Black Flole ) ijjt Jfl Jy ff. j>! J?L fi f Jl 1 )/ <j<7> <fj>J Jj\f <<fj<? jtf £_lf jt 
Jl jj jfJ L/i jtf jt <L-//> 7. Jt cLl <Jyi LiJ /Z J/. J jt jjf <Jf l/ (f J5 ( Radiation 
jfJ jtf jt ^ l — /L 7 7 Jyi )77 Jf!/ j} cLl (f f <l~ f of* * jf j! <Jft lj\e (f/ <LL >7) <LL 
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■Uj J> / <^l/* 

<_>/ (Jyi/l (/' v U- (JLj/ <<c_ Jlf ^ U? [f' j)\ Jl/ .>.£.» jl^*l <J- J/ >/l (J"J J l^ 

(J^ <^/ <J- j ' \Jj j\ji\ j Jj / /(J&I (J'l ^ I l^ (/ ( Science Fiction ) 

tjjy* ^ ^U jt 2— / <<^u (/ IJ (jLi>y // j~U / j U’j JiJ U~ U^ $ i/ J/ jj (Ji 

L (jLJl (/ (Jl ^ >*^b (/ (JL/-> (J~ f*/l </- J- </(/>!? <£^ c>/ / <c_ i/ J_ (J'l /7 l^ 2 — jjU 

</ ‘Z— ^jL iS jj (JlJi y // jyi>>j / j 7 y <<^_ (/!/* y <j (jy/j /1 (j'i 

j/iii (J^ Zl J^ L jj j\ jt jA JT^ u / j,\ 

( Frank Tipler ) J% // ( John Barrow ) ,/j (Jlf ji. A- <C~ (j/* (jb 2—s: <^<L~ J, U' y jly* </. <_^l/ 
b! _</ l^ ( Duncan Steel ) jj c/' > j,\ ( Roger Penrose ) j,j c£ Wj ( Jason Twamley ) 2lX (/" ‘- ~* 

.^fr/ 
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(/yi J~ ‘jtf 9(4 £_lf (j/i 1^1 <£l JshJ' ‘L& jt J ^ / / £ff JlJl J\s!/i y — jJ l — >i -jf >\ 

S Jjjj^ f J^ JJ)J; I i— Jj J> ‘Jj f, Jj jtj yj f jtf j ( Ji ^ fs /* jsI J^jlc jt Zl 

y djLv <-(/t I yl jS ' j * j} j} \ ^ j \* } J* f sS J'!? jt Jil Pi J% [ff <zLl (J »l> (/ (Jr 1 ) ly/ 

.02/* <£ 2Lt J* jt <£ £ 

^ ife (/-’ V (J^j l/ /^l (/" jfe f j yf </ fj Pi J„ ljj£ JSl S <2/ S S >J Jj J^ * 

f) (3* <£— JjJ’) J>\ )/ ‘<l~ (J S jJf I L// (/ /1 (X$l (J~ ^ i— JTI ff j }J> - j >J «? Cj^J 
) l/~ ^ f t*l / jtf S* S i-Z' I -7 1 <-f ? f </ tsf (/*) !/ * ‘</ L 9 s? u/c ') ) l/ 2_ eJ y <i— *-/) </ 
Jbf f A J>i S oS) l/i <<ll, ^ uj/ lT (/> vC/ lT // (3 (J~* l/ j k (3 >1/ (40,000 

,<^_ i_ L*|/ <I_ y l/ V <^ jOj s 

f A Jx< J >} Si c/. f J L S l / Jyi Jlj-^J ‘\f f jtf f~ js! f j—fj^! js! ifs ’L-!s> (jLil f* 

LJi <£_ L~ yt if U <^_ J)7yS <f\J JJ-J^ iJ f J!? <j 2 f- (L~j f m f )yf <_J <jj f, f m 
a/ti ^jy/S’ A J)/* f </~\ i— J/j^J ff ‘J) <f[? LLsf J^ AjfJfj&SSfj)! fti/ 
^hfi j^ /i i/ <Z _ jip j! p. j 2 f (lLi S' ‘</ f jS A /f Jif j> \ S-f S /i) L-m <Z_(yi 

jtj yj / A fs s!j*! fO Z—y: 2—f\ Isl jlsf ^ JljA */ £_ ft J) L-yi <S J/ 'L i — / sj/m <J ? fs (jjl 
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c £ J/T ‘U? 4 Oi)/ Jtf^ (/ /L) ‘<^$t j\ J t f'jJ 

iJZ vf ‘Z— JJf > \yz Jf Ja /yi Jf (Jk \ -/j\ J~ Ji <$- ^/ c£j J ^ — & 7i>9 Uj. 

9 ja. L/* jj / ^ — / l/i ‘£~ / yt jt jfcj ji! I/ JJ i B J ( jJ i LV Ix J d—j > . J? "< <<£> 

ib (jb <s> £/9 ‘Jy £4 <£/7 7I/ c/j L/ (j J /f /f JV i_ /7’ "UT £-. >/ 

>T L L»j v9 1 <^ 7 U /? jb <£ I (J^ £J 7 79I (Jt Jlj L / (J97 J <£- £1 £.9 J (Shock Waves) jJ S 

f jtj ‘if 1 jJ S TL^ > 4 ; (j/f l 4 Jf* S ^ — /h <-£ Jf (X ->>/ <£- f'jlJ <(jt (/* Ji (j/Jl j £1 jtj 

79 1 (/" i — 4 yJ yj'L <^ 79 ^ S (J9 £ 7/9 (X (J/l^ (J^ <U <£ (Jl^ (/ I -V / J)J J)! t) Ll / (J97JI 

, 9 f l£ I79C / <L-> t/. J jf J L / (fyi JJL9 J jJ Jl jtj t 

[k 1>"I i-Jr kJ e—\j/ / J?i CL~ L$ J \ bl) J cj. ‘Jj if J. J~ jtC$ J jjJy 7>’l <L J\J J ' I 9 / 
[f/ 9 / / <z—\ l/ $ J~ ?. 79 I <1- J /, jfS Jj\ 799 (J£ (J 97 I/ J)/~ jIjJ Jj/. {/ <z—J! ‘<i~ [ f 
,<L - 1 fyt (J J (jj * 79 <£ jtj 79 I £ 79 ^ S SfS ‘$l j/ S (Jk' l .£ j/ J$l t 7/9 )f‘<L- 

‘jS Lyi jtJlL^ S Jf:/ j)j)fjt <i-V>’l 99/1 jJ^/ iJ i — /V (J^ 7 * 97L99 4 > V l£ >9! f f* l >-L> 

iJii (jyf S /. f jjV L i— (jl 4 f (J (ji 

Ljf JJ L jtj L ( Swift-Tuttle ) <^ 7 U 7 I 9 fj <-Tl l£ 2126 c/l 21 ^L’J^ UL >> 7 >v 

97 U 7 I 9 (''9 £ I-L> ‘S i— I f 9? |'*9>» > <— cV (ju'l 79 I (j/r (J‘L? >/ U / <£> L** If9f ^ /\ <<C. (jT > (j/ (J* (X 
J’b <£ Lif <L- jtj Ljljt 2126 jVj 10 / U 17 /^ (/L <£ jtj L \a jt 1993 

99 J. jS t l/ ^ Jtj 97 J f'b f') /ll / ^ L ^/^L Li) L J L jt /. jQ ‘J lLi 

4 97/i f /> l > ‘if J L L jg / ji * ^ fji jC ‘t £ u j/ <^ Lii L jj& 

99L7 L (J£ JL / t (J* f'Jl ji/i 10 J/ -/ <£> 1/10 / i— If ly/ <^— /7* |/ 79I (j/ L 97U 7I9 (''9 

7I79 799 <£ (/ , |jU b j t (J97/ LJlj, (jULj (J| <<C_ t/f / 7 l> Ljj! 9/7I7 J 9// J* (Jt <£| <i> 
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Sk <J? jS jt jh/ (JjL f L J;j U (Jt <^pL (X (JjjP- Jj p jk jt Jl ‘J% )/ 

* JJ 1 L <L~ 1 1 'j* L (J^U f(jt z£j (J v S (J£>U (jb i_J (JL (JJvj <3 J/^* *6 /* Jt 

/ (J^>U <<—/)) J)i jtj [jjlfi * ‘Jfc L — / Z_J Z_l (J^ (J^»*l <Zl (/'" (^lizj |^L^i <_// <L~i€ <L~)€ 

■Jt S <^~jt <^l (J> jJ* Jjj) 

<^L*l/l L L.si s/ j ' ) ZH J ‘Jj jk (JU^ t»lj <z~~ j/ P) (Jl/jJ |^1/ / (J^v fU?i (/". w— jt jl 

/ (jUl Jj * ‘Ssi / js,<j<L~ (jUl ^ P» Jj) S / jtj S £L- * L/ Jj* ‘Jfc 0)1 j C/. 
jb p L L> L~ <_^L/ >c»i Jj (j/ Dz— -jl <<p c/ (ji /JLu Zl 6>t* (J^L? j) i t si if* L~ jt 'fjjt 
Jj Jj j/ (65) /L? S </ Ju> / j/)> <z— c/. ‘Jj 2/J Lsi <z<ijj!) ZJ Llj s_ Lk. J'l <L — /J 
■</ jS ’si [f' (J>b (J>L Jl ‘j jsi f)j*J Lsl S £—/ jS [ S‘4,l[f'S/ (/>J^tlj 

Book of ) /L <-sS i S j[ ‘/ JS s. <zsjl S~ Lj £ -' (J~ L/.i j) J. Zl j/ j) j)l </H /t 

Jl S J U / <^/* >j< (J‘Lt (j*l cf \jf / <S <L-j\r< jt ( Revelation 

Zl (JiJl _/ I/ <_/ jj Pl jjj <Z—Si )jl) Sjj <-/ j)l jfS jSi ‘jtklff ‘<^jj/ L S : jk l // 
<z— Ltcf) ji& j)i <S / <l — J7. ‘Lsi j Z / L (jy*/ L L i jtf Jj) j L J S L <z— Lsi )ji> s. jtj 

" L ? jji Jkl Jj) / J/ f c— jt jt jy< Jji S j))l <4j <l— jLl y ij)l ‘LL zL jtt 

J I jS Jt f Si JjL' <^Ljl J c/. y j/ <l~ f J /F <S jtj jt <z^S J! J/f <z— (jy/ jyi j /• 
S ) — </ </ jlj / ij/j S S^j f jtj ‘</ S S/t S S^j Jp jS s' jt JLjJ L Jl )F.)i L 

J/ <S)j /i <z— J*" (?L j) i Jl <<L~ o/7. J isi Sl / j S / j/ fJ) ij\a jt jjT^ S ) JiL*j? — *j? 

( 93 ) c—jis / ' S jj S L fi? l / jy ojifi / Lii ji ‘<l~ Jij s Lij o)ij cL~ Jj jj) jip <sljJ ojJ 

<£_~ J/ jj ) jj S )J jt jjj j\? <(jt z/ LS* j I LLjJ L/ jt L I S <z— Jjy J)) J/ jj 

,<L~ jS L / / 0)i j 

<S y jj jf , <z— js^ C—/)) P. <l~ &!) jt <jL L~i S L JiSf jjia P. l~~ ojJ iy J j*if S Jjy 
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osij l 'f y' (f f ' S /> S ijj> Zl lyjy' Jjs <£- j' Jfc <L — /iJ (jf 1 jfl (jL (J^ ‘ff 

(Jl ff \ Jtf UJ. js\ <L — /U yb fs ‘Sf — /U ^ yjl JjL Zl j\S js\ jf iS <S- l ^ <-(Jt jf 

L~ I Z. j" j/ ^ J$jf S ' yt / jt j'i's g i-jf f(jt ^sf C— Jj[)j )fS jf / S 
* jt Jf << Jf f j? J ofC (JlP^l J^ £L. Ir yfl y L~ (L sl S J< f ( Jl <<z~ \j£ JL Jj) f J JlI Jf 
<Jj <Lr? <fL /\ sj L j\s jf <L\s jj <z— jf js\ JsjJ <z- jt jf* </ k /f jt jf / S jf <z~ J f iji) 
.£/ ff {jj) j\/ Jft jf J^Lj jf / J-s if jf <f~C\s [f Jjs' lj\rt jt jf\ o jt Jssji (jf I 

Ji^T Jf\ f L f S< ‘jf J*J L f^Jjjfl (/ Jt SJtjlff jj\a ‘^jt f £—jVi JrjJ. 
\f cJ ‘£/ Jlf (jL jt o" f ff? < tj' <S J S<j Jj J J jjf jf ss Jf ( Andromeda ) Ij/sjJ} 
J? (f jt Jr*^s bJ( S* J^IT f <^lflf <</ Jl f jjj/ f J/i o S—j>s <S f sj? <—> idjs <z— f I 
c/. <Li; v f <kiit <jt J j f ff ^ J; ffjs\ jste jC‘j\sj{ ffej, jt S Jt JT /j jyff 

<S U 1 S J2 J» (5 1 ff' “/ tf'lf dis 9 jft tjj f Js\Sf JSS Jj jj) jf'(f ££-~ SJt f JsJ JSS jfil? ‘Jj 

.</ S f / 9jLJ \f' <z~~ (Ju jf' v'J JJjJ (jr~) f f jtj jt <Li tjf f S sj 

‘<Z~ <Z— jyi> JJ s/ 9 f I J <£_~ <_-^ f jtj ‘< 1 ~ L* 'S'i J jsis s\> j'slS S <1~ Sjj if Jp*^s ijjj Jl 
) j'f js\ 'fj/ jj js) j'L * ‘2—j'f jtf <z- JL <L jtj L f jt f jsjlj. J_l (Asteroids) z. — /U 
) j). S- f jf^ jf< ff jf ‘J) 2—f fsfsfL Jjst ssjJ jt (JL, <S\ JijJS S ( Jupiter 

jtj js js\ ‘Z/ j_s Sgj tdff jjs' <z—\ ffs jf jt j\j. S Z—jU jf . j\j> f <L~s( j" (Mass 

C * *• ** 

<S\ < 1 — Jjy * S <r~ Irlf S JiJ jft <l — /L <L J l ‘Z/ o JsjU j\s fs of* \ /ss <</ Irlf Jj. 9 f S <L 
‘jf . J'. <L JsjjJ ‘ 0 S if JsjU j\s I 's ‘Jj zf f' jt Jsi S\s S< / f (f j/ yi S JSS Jj jjS 1 

S f / S 99L I ( j\ S. jtf ( fj jSf <</ 1 7 yt \j/. <z— /s f JsjJ S<s Sjf ji S/. f jf* 
jf f S< JS< (Jt Ssf sfs j\Sf jf <L—jJ S jl js\ jjs' ‘ZL- (3 1 f j* ' f f (JV JS< <L- 'Z'sf sf 
<L — /U j\s fs f' <Z— jt Jsi ilL OjfjL <L — /U <Lb Sjf £L~ <-£/ JljSS jl ‘Jj sfj^ jt jS jf SS 
S' f <L~si ff S jl jjs' y <LL tfi jt >>> jsjji I S jf £\j) £ </> ‘Jj <S fjsj jff jjS' f 
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<^_~ ( jtj jt jf jf <L 1 'fajy' bjL jIj f*j j/ S <f J&l <f cf. <<L~ Irlf c/'pifjl s> J> ! <l~ / f 

<l~ j/l <L jf* <£_ y <i — L j*i {jjb ^j LL t Tj'i <l~ <Li /L l /U jb f*j jU/ L \f i/ 

(j^ Li vii L b> u csj. LfJi L (j^vU S l~ j S / ijjifi S S jjj jji <z-i L-jk 2 — S 

. 2—yi Jti 1/jj jt 

JU (S) {£ Jfl J;L (J~/l f—J. ll/. ‘Jj /f-l jt dIj {jjifi JIjjj Li j* <LJ jt jSf Sf fSl jjI (f 
c~ Ji Syi jiJi j! y JjjS jS * jf jsi f {f c—S S Jsi t * / (J>b L/ (/ (Jl l>/ ‘Jj 
yi (/ J-^ yj Lj <L-jjU. ‘L—jJ JlJj ‘f . — /U »>bl f(Jt Z S jj j f jljZ* S llj! 7 jb Ssi Jj2 

.Jft S/Si JjL* j^js* S lL (JL/L* y vjI (Jt (JIj/l/ Jr ^ j S>j 

{f Jjs* Ijin jS S JjjU <l~ J> i S jSf S <l~ jf.jf jt lljj 7 if J&l Jf! tjp SS. {f' cL-Jfi 
S S'i SJ l7 L bjJ ifjj y (f Lj / ‘Si jfj S 2 ( Double Star System ) fi& {jjJ f—fJJ l/ Ijj 
S {Jjf j l jij> SS cf. Jf * j?.j L S Jf< <L~I jfj jt cUj S L jjj j I {f'! y jij, S fllz) Jfl (L-\g 
‘<f S l ) j <S S z!jj L / {jj\a S JjjU j!j fj jIjj jjj ‘J‘J > I 2 S j7.s* (jj <^_ /jf jj\f f JIjjj 
‘( f J‘j j si c— jSj l/L> j)! c— sl? j\f JJj 7 L f Sk. (L—)/. SS^J J~ j S <l~ Ju* 2 llUj! cfS 

■<l~ S jfi Ju J~“ 30 J/ SiJ S Sj ji S jS I 

S jzSf {jjfi S jSf { jfjj jf < ‘ cl. L“U (J S <Slj f'jS 2 jjSf \ jt j) u jijj jjj S cffi S llS> 

fp S fi jl cS 7 j js^ Jf f JjjJ l/L? jL> ?(jt <^L‘U*l jS S '<l~jS Sj U <^J f if S\s 

j! Jf jji) 2 i'jS S jj&fjj jf <jj / / f'jS 2 cj y jri jj\Sf js£ S f SS S jf Ji) 
f j. ji S fjS S Jjjj jj' s> S <l~ I Tsi S*\j Ui jj L S JjjJ jj! JjSf ‘i'si jfj jj f Jjjj S 

■jSjfx 

c~ (S\ei b\Si jj jf ‘jJ Sj ^ jj! S\t?! f \/j j~ (L- jis* L> / ‘j s jTij S j / J <=_~ cf. 

*? * *? ** t, ** ♦ 

jj\j c~ jjs' S 7 ‘jj jjfi jj ‘ <l _ jf Sij)\j Jl?L* jj jj c~ jf (f j/j <<L~ 9/J * !/. 
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js/ 8 J^* V (J^ fsj** f ijjlfi y <: — ;U (JUL* (J'l (J*(/ ^ f(jL/ (j ^ ( f (jr^* (J^ c^JJ 7 (jb i_rr 

<c_~ Jy jb i_rr (J^ (j’.JiJr (jU( uJr js\ S U^ (J~ U^U (J-JJ j£ Jsji/i (jLi>y ijil jf ‘Uj <S f 
jU' (jlJl (j./ (/ i — fsjj^ <C (JU( (J^ y t*r? J(J ( 6Jr> (jlL' i_Xl /1 i£* ‘t L-U/i (J^l (/ i — L yiT y J( 

(X jy \S ijUlfc f\ f L - J (J' Jr* l^i — f ?j * f j^lj, <d (JJ J^l frr Ul J^ 

jsl Jy* Uzl (jJ 7 (jJ 1 J <£l (j*l L (jU( (J^ Ju >(/■ i-T) i_lj i_l y i_J (J (jl>( UfO f U/ f— j[)j 

.<L- cjVrr J^l <J i — f / jjUf iS i_U 3UJ /jJL 

l^ <^c>( J^ <il jjr? ^ f<p jt ‘<j-f (J^ J c^c>( £,y (jlJl J^ jl- uf t f 

c/l> jss Jf\ /Jl £ c/ <d cJl/ (jJ 7 f~ s? cL^c. (3^ rr cicL A (j^ (J^ L* * jsI jf JJl Jr^ 
.fif f jff s jf~ <c~ JsjJ if jsf !j\a ‘tZsif jjU jsI A i>j! ‘jfljj. (J~ ‘Jfc Z_JJkU* 


vsrww.iqbalkalmati.blogspot.com : \jy u^jsjjf 
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i}yi £ — ''* 

Hemiann von ) 'P r~- / t)lj \j" /. \J\jJ~J 7. ij~ 1856 \>f tjj 7 ■ J J c— f 1 * f \f J 

7 £ jl- y jyiT Cl <£l c^\£ jIA lT < i_/ ^ ifl ‘^L- 1 Jj / ol/l/ / 1/" J/ -> £ \J\ ‘*S L- (Helmholtz 

jt f \ Jf[ i ^ i)ij £yi jt ijjs* JrJ! £ i)i ‘Jft £ lJ/IT i/)) ^ ( Thermodynamics ) £ /l 

u f / jiii’j j/ f £ jyir l/j j /f £ ju j (j£ — £ jt c — a £ £)£$' £ j*i i J77 

.</ t*if 1 f ■ Ju> J*u 1/ ^ i/j Ju* * vji jz z£ jyir 1 ^i <^j <(/ 

lT cvitf (J^ * ‘</ 1£ £f / £" | ''Jjcjij £ </ i?£ju jyir ^ J^ c/y wj Jli 

‘jt z£> j^£u / jy ir ji / jt /f £ £* 1 JJ t <£ ti/ ^ £<) JS i jyt ju 

J'.irt J^ * ‘</ £ <-j£ £ £lU £i) jcji7 c-j) f c— £ iU £ ccj!7 j>j) d)Ij c^j> 7 Jij)) Ji 
c- J/ J/jl (J l>? i£* <j£ </- j£i J £ i£ £ ( Molecules ) J^£ij l £ C—)i cc. j> 7 <j£ f 
£ Csjl7 j?j) £& )) <£yi 'jz J £i Jv 1 j£ji I fyi ^f\& f* <Jj £iff L j)i 1 — / c£ 7 /)i /)i 

■</ Jif^ ££ / jj££ £ f' c £ 7 / £ j^£j l £ f* (ft <L— u / ^ / 

<L — £ / \jcji7 c— )j. £ f f fi (fif jtf (/ / £? £ Jl c- t\rf J f £ )if. Csji7 f 7. 

j>} £ jM l j/ i£z t-Jif £y/ j ij£ £ i £ lv< jiyi ^y £[fif)j.£f £j^ ff 
f> / c/y ji <jt £ fcjj £ c£7 £ jt % £ cjI 7 f Jt> ‘C-£ £ Jji zti jib 

c^jJ£j£ Ju> 7 * <f- ”/ * «/ fu £ £ <z~ / £f£> £f £££* c~ tfi 
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/ jf* f JJIj j— c^yir JfS c— Jj r' f/j Sf fr/ yrli? / y L c^L (irreversible) 77 

,c_ u C 



(') ('O ('•') 


(JJu^ Jl fJ^j \7 S (jr~ J/ i-U 1 f S” Sjf" ^.7 / / lT i-J^ -S ^ S>> 

fj* ifl S sL-\j/ lf hj s-fJ . J y U (i->/ i vjI ih iii / /iU IflJ^ J' - / S’ f 

J/t if* J/ J7. \JP. ‘J% lS (J I/j fj6 S (jL'iy L ifj&l t Ji lj/Ij ‘ZsJ’jf' /l Jj S Jf& 

+ Jif cfe lT^ 

2.1 


/ ( Lord Kelvin ) (J>/ LlJ jjI ( Rudolf Clausius ) jf i/ Sjjj Hermann von Helmholtz ) fyi ^ 
7 * j jX jS , S (3 1 f-J c*7l S ( Entropy ) (^ 6 / <^77 L fjft jSjT' tff’ <Sl jt iL S 

(?l i'Uzj S< fs Jf S l\ ff sJ& 7 L 1 J 7 .X ll&j f f ijlf ( Thermodynamic ) Jf7 

if[? jljf* f fjti 1 — f (f 7 lljI 7 jjjj f S jI 7 1 iF^ 7 f* (f S) jjI l — S Ss 
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Sj% 1* SJ <c~ (f<jfW >/ yj / />J£* (/ Jj/ (X c^v'U 7 (jb £L <jf S S l—jS <c~ f* (f ‘S* 

S" <l — f ^ j\7 J S i $ c~ (fc^j\7 ff' f L~\? a}*y. S-j&k f~ jt S* t—jf vii S 2-Jpyt f 
<c~ S' S L jzKt J~ f" f f 7iJ\ / (jObt' jt f* c — f S fS>< f~ clj\7 jjjj jf ‘S f 
cL<f 7 7 <z— jjf J\ ‘</ if’ % /ifl (jJ/L' iS f S f L S* 7 f* C—Sf Ji\ | 'fjt> ‘CL. L ' 'yz nlJ Jif 
y j\> * f\ ‘S jf S i ff f S j JfS s jjl » jfx f S' <* <-jf fj S j^ /» <f- 

,<L~ & 1 j f' <-jf S f' (S £~ S 7 — f c^j\ 7 f^yz * tf'j'l y <L~ S yz f jt fjtfi f 2 ^\? 

Irl pyi 7 J7 \& m f*l/ * j>\ <c~ S Generalization ff S J^ f 1 2 JJa i> Wf tJJ f <L~f. Jf< 
S c — jf 7. <L~ fJ f /. k ffj J~ f fff } f-rt L$ f S" fj& f f- Jjf , / f f 

>/ /J f / (jtiy J*l A~ f~ L~& / fj&i t lS f S ff S f ‘<c~ f f Sf fj* ( f clj \7 <z— 

‘<~~ J. <~m / L~\J>\ jt fjtfc >7 t—f' ksz 'JJ / (3l*l/ ‘<~~ i}yz (J/* J" i— %■ f- /ffj 7 f~ fi) 
Jl P\ / S (S cl- d—jf 7 <c~ ix »>l j c~ f ' Jf\ J" fj Jifi (jJbt' j b fyt Ij& <l~ Aj f f ff-J 
(£- J}\ S‘ f(\& f (C- L->f L JI &<?>! fc jt J\f 5 jJ JJ )f L (J>\ Jl^U> «l~ S &\> c~ cj\ 7 
<Jf 7 f <L~ tyi JJ\ \J\ jt fj&t f <fJ L~~/ ')) S f (Wei ‘CL- c-) f Jf\ ‘S~ <C~ (jlf>? f fj$i f 

S jf f S fj&t S fjj S f cff' ‘<C~ (jlf e> h 7 fjtfi' S (Ji (L—ji. f. <L~ (jlf-tf Ji/ SSwi 9 jfx 

■</ S‘J if >. JJ f. 

(j/ jS f\ <f\ (jyir i \/» / c^f 7 7 y l~\? U ji (\J> m / Sk'ti'7 >\7 jf\ f\ <jtf S” /i" f ll\>\$ / 

<L~ Jjy' J> S I f}} S Jf< ‘<C~ (jlf S f° J 1 . Slr* / f ‘S jf S S fj^i' S S S ‘<L~ tf 
}\/ jt jf\ yf SjS S 2—W* bjy' “/ Irlf > J 7 (J fjt/'f/S c/C ^ jUii <j\a c~ jf 
.</ S 77 c^J f jf S' <i ‘S Jjtt S A J>i </S SS+ “/ b J clj\7 

l~jJ f/ff} S cfe lf>. <f \ U fjfi jt cbYlT fc~ L~r jt /j Jly 4*1 fjj 
jt S 7 Jf< ‘ < c~ S<e Jj “\ 7 } J 7 J> \ / S \ /\ 7 C;j\7 c~ jt ft c~ Jf 7 9 j7 f Lyl <f\ J'i 

J)\ <~~ jff jt S 7 — f C~ (f <Z*j\7 ‘Jj <—/ fj Jf* <C~ <L~ /» (f\ S (ffj J> < *4 
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S fyt (Zf / j> i wL^ L—ff <4 4^ ^ t*T J I 71 wTi /Ijl <<£_ JJifL* 

tyj t*lf>? Xc >1/. f lljI 7 ? k"if f cLu j'j fitf <_>j z_ j JT > c»i j 7 wXl jA> 
<_>?■ <2> (j^ (j>iy J Jj7 7 (\& S irlf if L4 jr'i <<l~ > JJfcl* <j4 >4 >-»< 2> jt J7J <LJ ^ 

j4?I> £~ /\ jt f\£i (J^ f<z_ (j4 Jr* (J^>t (j4 >/* (ji (J'l Uc ±7 ll~ Jj It^ c— Jj> )ff\£) * wJr 

Ji j)l fyi iSf / SjI7 >/* y f<^_ (X <L U^J^ b »*l <L i'Uzi c^vlJ 7 >J* <£^/1 <JS <i_lf (X 

. S 2 _lf (J^ y Z_» >4 »1 (JvlfL* 

jvr' ? (jt L (j^ 2 — 4 <L jf~j7 Jif i f >y (J^ (j4 * jj /L f (ju y/i Jr*i (J^4 it <L o 4/ j 7 
l*U wLi <lf 4 (j4 4 * / ^ 4f (j4 Lyi (jJ^ f< 2 _ Jj (J>J i-jf Ju 1 j. 5 j. 5 LJ 4 If jl. ji7 <l~ 0 >j S f> j> i 
jt <_jyi <4.1 (7- S l^f ‘£L }yi lj£ jt J* l}fj (Jvlf jt 'J ' / L. jfl ^j\J }i) J_yz Jj\J cl~ (L-jJ 

±.f jJtu dS'Ji/ J*&i Lb'/ij)! 'tLJeyt j&^/ i Scf#J Jkf JjS'Lj/) yf 
J L-/yi /l/ <4 ^JJ 7 <4 (j^. ^ji/ if jf \ jf 7! 2si 2—si l>4 y 2>v 

4L** <■!/ J ly>l 4f 4L if (Jtiy (J Jjy jt i_LJ <4 (_/i J} \ \j j/ je)\) c_~ oiJLly }/j fyi (Jl> jt/i 
6y % 7 JJbt* jf/ >4 l j;iy (JuO 7 7 jf 71 sf/ sf 4/ S llIl\ f_f 1/ Jatb <=_ Jt^i jfjio) 

7 </ bj jtf {jjJ <f <f (£-/ / jJ fL>l IJ jf/ [f }J f ll~ t’yi l! y f 4* * cl~ Jy*l (/I <-<2_ 
<■<£_ 2—f)l cl~ J f i}jI 7” S Jl) ll/ 7 7 J^)l J f jf <_4(J'I </f S jf 6/7 
^)jS^// fif i f(f/ y/jl cl~ ‘iff S lljI 7 ll> ‘jJrl j. 6)/ J J7ilzi lj)i /i 

.jtf J'lj jJ f j/ £— ll7 6 j I7 J /J jfl Jt> ‘jtf J)/c 6J f 2 ^lflf 


(jyi ) jJ j ) I jjlj7*J ‘Syt J& f ll7 6 j I 7 jf 71 jt fjf! f~ jtJ 6/7 7 £//f f <L f*/) Jfi 
Jfl f) Jj) jt ”?jtf jfljij jt " ^Jf fj fj /Jj^ l/ d) fjJ), ^ ^L >4 / / 6 J t S 

* ** V ** ♦ 
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S 2—\ -c >l- / / - / * S — 7\ vji Jj — </ ut ■> f lT ( jyu> t£ 

(jL^/ /_ jn/ (jLJl kyi AjJ jJr^ y £T/ S iT^ (U$ / ’J/<L“ 

;i (/ y jtr^ 4 j/ jiL^i f\ l*l^ __^7 <//_</ f i>^ui 

S’jJs L- fjy Sl‘& OJ jtT? fLZJ /* j/ Ub <// 7 <^l /^_ v/ Li^! 

”^__ L-^ l/> v ^l/ S y 1 // 9>/r Ll /> ti 1 — yi -/ cfyu (j/ (/1 77 ! — __Jl^ 

>ui / / <^ c^i i/ 2 '* Z (juu* / l/i 7 ->i (jyi? <z~/ » <L </ /7 7 Sf L jf^ <L- /a <=_ c/. 

f \f) j)\ (j/ Z7. jt /yj f-\ y u/vt* l/I l/U U 7_£7 (JL/i j)\ (f <L- c-UI // <^_ / 

.(j/ L <lu S? yU _/ L l / 

uzj/ z/ J\ [f jt <i — /L / (/L / l/I / (j/ (J* <=_ J/"* / <^UY <_/* (J / Jj S ^7 f\7 

c— ))/ U ^ T B)i\ Jl)J /; / y> <?-?>.)/ <z— j[} j /U /l <^UU/l / <^_ J 7 1) /I * ‘Jj 
J\)j ^)J * //(3 yi (3? [f' / g y (j* 9>*7 <Z— L?-/ ))j7 U ^ / / (/ <L> 9/U- OfC ‘■<L> (j/ /i^y* 
</ /u L/Z / U'LUi L—/)) ‘J*i jfj; )7.7 <z— <J~/ ))/ U 6) </ ./> Jbj <^_ 7 J 7 /U /l /. 7. <</ 

.(/ (Jl jt )7.) JfC <z-> /U/loUl// 

jfj jf <//y 7Y < r --'U > / 4^/ Z 1 (J , > u> U' / (/> /r>l / <l> J79/ u/ Jl> l/ y*l /I Jls 
<L-\) Lyi jt /7 JrU / (/>’ /I / <L_/ / </r / / JTUI i_/ </</( / <z-U/</ </u 
(j^ l)/ jt L /u / L jL) jt /l / ^u/tJ? <iy L/7/1 s/u^ (3/ 

.17 £> U / (/• </ <^_ /I y (J77t/ (]U> J 7 /U /U / 

/ <^ /yi /1 / /yrt / (3/ (j/o / /i iJ L*r /L77 /”1 / y/ <^_ 97U'y^L& /1 (j^ 
(3/*l c/~^ 97 U yj'LEf /l / /I <[7 / J^** / Olber/l / /* JT /i /</ /I <uC <Lt/l 
U7 (3uC C^fC Jj* / 7UI ?<i_ fc*l /* (j/ /7U / LL\j (JU I /_- 97 ‘<i_ t/Ltyi JIt'" J'u U Ju* 
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.Jj[ j ' J» '<L< L Jl" J}\ ijj; J ijj}} sjL j c/ ^ <L — L S <1- lr( L Ljt J 1 ‘</ 

ji S }}jj jJ S j}jj jyi j}jJ JJ jiS S JjjJ jt ^j/ Ji <jtf jj? ijf f fiL?- S JiSj } jf} 
Si <z~ j}jj }}j/i) j}i /L L LL jt Jifi j/ 1 jif jj } f jt L ‘S <L-j S }j L/ L iS j 

L cjyir 6 / jL Jj L ^ M S/S^\> / <jf jSj i j Jf ttf Jfcf S 

j}i Jlf 9 j ijjt Z L i (Jtlr S Ji y <l~\ <? yi L}} Li ^ l—jJ S ly * L^ ^ i/* ‘</ (Jlf L f SM 

j}} /' ‘-z'l >— ■ ’L 6/y L ‘</ ifljfjl j}I <L- /yi f L i (Jllr S Jl y <L - If L }f L jt -Jl) 
y }} <l — jJ / L <l- (Si f L <zs/ ijL/ (Jlf ® k -/. }iS S JyJ Lb L. i j j? Lf) L 
ll^ij Jj Lj/L Li j ll- J / <l— <-^0 Lj/ L Li )ijj S J Jtj L\) L Ji^ jj/ 
<_-^i> j L* S/ Lj/L Li j <l- (J y f Lj/L Li Jll~ S ji Lf ‘<l~ <-^i> 

Pi y Li J\? L <l- J)jJ L ll- Q& ^ Jj <J 'k—)LjL f <L- / )) L Lslyl jj)) ^ <<L~ 
(j I) Ll <=_~ J)jJ J>) jj J>y y )) L L~ ‘tyi jf y jLi L J>jJ jL Jl jL J >j j L 

V i 

■L >j j L S> Li <z— j>jJ j» fj jj/ / L J S i L >j j L 


fl ‘J LL S' f L )J jb Ll J)jJ )£y y jLi L L f ‘L ^ l / L) J I L 

j jf ))jj jj SL f jji c — m L “t/ig L*>f ))jj jj SL f L y S L ij , - j Li L^ j » y jj? jf S ^i/i/ 

,<£_U *C» J >j 

**c ** ^ 


I 
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lTi/i j)I J? yz <l— -S& ifl? iS 1 ' J~ jf ff J f^ f ijii <JJ ^jf)! 

jf jjjy* jt <l — /'(JlS wTi Lj) J—lf Jl )f ff j£v (J^ (J*'' <<£_ (jUT (J^ (j/ JJL^ f'l/ ~f J)! 

(f )j Jb <jy y (j^v ) jf <i—jJ 1 i) <L-J JJ jJ i vji yj'L <£l ^-f J! fjt Ljf’ ) <l — 

<f fj/ £— ftn c^jJ iS ' if )j i ji) ff Ji jfj c— <±~'j. ^ <l — f ' ‘ jl~ 'tf ^ jff)j S i Ji 
fl Jt> f Si jf j f> <f ^-f f- Jl jifl 1 4 (f )j Jf (Jb ff j jtj jf Jl j)! cfyc f c— 
f yi ))jJ Jj ff IjJ) ^ (jLiy illi i_J j jtj j) I fyi ))jf l) ff )!jf \f J)fjj ? <jl- ))jf IJ 

2.2 if 
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ty ji) Ix jtj (j/ (Ju si /f <l — jJi Ju y L~U LU j? jj / f ))jf <L- J)jtJ <-*> 

^jtJ jfj> Ub VjJJ y &\) jt oJ^ (Jj <L — /1 J )) J\ <(L~ (Jl f*i f j‘ jj\ tZSjj {jfJ> f Jf\ <L~ 
y (—\e \J j J ijf c—-\ f y / / ))jJ U * jt ^jy* f Jy ))jJ U <^b-lL<£_ l/" <__^f <L? <£l 

jj y ^u j 5 v jb <LT jjtjJjt t^jy* jri j> L*u Jv ji LS Ls tLzLd? 

♦ 6 ♦ ♦♦ ♦ ♦ V ♦♦ 

o;/y tjf 1 lT <L>? J^ /1) (jj <^_ £/»"' Jj~j jf L yt L \ L )j f ‘fy B)i j 

,f LJff J> jt tZs\j[y. \jj <£_ tZ;j\7 tZ^jJ jtj [f' J m Jf\ cjtf 8) l'ljl 8)1 j £f \L 

iLjU jt teJ\ (L- ■/ )) / JJ* Jl/ 7 7 J\ L* \j) L y tZsjy* L if' S(S t^Tjf ))j7 u <j C\ f Lt f 
<<L- Jj Sy Tj jt Jf Lj Lj 7. Jt <LX’\ L y J, \ t^j\7 jt <i7 <l — tj <<ll- Jiy LL j jL <^_ 

(J^ <<^_UL\tf ))jJ\j/ tZsjJ L jLiy iJS\ <^ S <£— l/i y (j^ L )j c— \js <l — /ij J\ 

**C ♦♦ 6 ♦ 

lj ,/ia ^ l? <^_ j i j\ j?)/* S <L jd f Lj 8j\)) <l-jJ <!—/)) j\j)) L /* jft Z (jtiy J/ 

Jj Jj L Sj'J t/S) jt> (<£_ \>_)J ’ )\ CL. f / <L—/)) tjf\ <=_ jt J)jJ )) )7.7 jt a>j f J‘ 

jji y <Lu Jj j} L jf[j j) Sy <-sjf j)\ jj\j <f> <f t*u i S / 8) S L <f S x. ^jJ L jfS 
lL L j ,j tJ t^j\7 yj) f J/S )7.y jt <\S tf> (f y (t> </ Jjl y 1 JS 7 7 * jL <<f (JL ?y ^IT 
f (J* L y SS jfS\ L~\ * jt tZsjf L Ly ))jf U <L tZsisf jt> S JJ?y j‘\j‘. L tZsj\7 j>j) 

j L - 1 S S L ) <z— jfS Jl L L\ S tjfj\ 7 L-S' f' Jf\ j)\ 1 1 y ffj j\ / (f tz*j\7 j>j) 

)7.y j\jjy Sx. c/. L j S jt tZs\> f S S.) L j\ ‘S jy j )7 f S f jj yfj? L-\ 2 — ’/f)\ J /j 
tf~ > > jf ‘<f L~i f LjI" Jf 1 L jf j)\ <f d S Lj> 8)i * j\jjy y 8) ij L JfS S S yj. j)\ <f 
jjf ' 2—f Ljf Jf\S L (jL'iy S S ‘£— S L* y jf S)iX t^>\J) * )7.) L L Ly J'U L L~ Sf ^ 

.</ j‘j f Ljf / jfS 8) <Z— tZsjjj jf' L L L-) <Z- tZsjjj j\ )f / 

a)ij c/. )\S L J)j\J jfiS ) ‘L\ f L )f tS / /)/* f Ly ))jf U L Ly f S fr 7 L L* J} \ S\ 
‘<f jj y f f \f /\ <z— tZsi/( S )j y wLU L J) J tJ L ‘<j~ Ly <L- Jf Lt LS ))jf U <S\ L < 1 . _ 
<J J7<) jt /jy Jy / J j tS’f \ <z— jj S £* S S\ ‘</ )77 S £* Sf S\ f'j/S J\ jf 
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cjtf S j (jui S/ l! -d l — /t' <l/ )) / bjJ / <<l l lT ij^ jf \ ^i/^i/J 

UjJ' t 3 j t / 3* / 3 l} j>\ 3 ” jf~f" *- — S f 3 sC'f Jf^ j S \jiJz* 3c> <l 

‘eZ/k CJyi f* f f jJ\ 'l\ )j <z—\ j l f tjf j)\ 'f / fJ i}/ f lCj\ *) f\ f \J \f 3 ) y?lizJ fc> ‘<f 
fj f S/ ‘ < l t 'si vlr'* jf[ f~ 3)\jr 3 c—\ j)\ <l f L<ff jf j)\ ))jJ jf\ jC> 

Jf / 1/ f fjf <z— ff jf \ <z— (J/ l f 3 j' j S * dti' J uv i/j <z+j) / f <l i jlj /i f ^iji 

♦ ♦ ^ * 

jf\ i f \j\ S }j)f <3 S Syi j\ / sf S sf f / zli f~ lS S }) //) S j'j ‘£/ S 
2—yi <L—//' /jf J\f. Jj) f ' jt Jf\ <l — tJ j)\ e/ ))jJ i) jt cl^ ) S lC/^ f\ <yi )/.y* <-?)/ '// 

j/ S f L . 1 jff' _ /J L L f / / _ tj eS\ [f [f' ‘Bjf J‘ J j)\ 'yi f/ J f L^fj Jfc 

f <z~j jfj bjJ j)\ S Jf )fjS f <!—/)) S\ jtJ ijjJ y 

(Paradox) <J/ S jf)\ j)\ L*jf)jJ Jj f JJ \j\r< y <l/ J JC if f / j jS S rSf /J f 1 / 1 

if M S jlJ>I) <3\) Syi i /)jjfjS fyi cfij\) JJ J S\ f' \ jS‘ S </ f 3r /S. ‘j- Ciyz 

P. ‘Jif eff <z— jS* f <3 JC / <S\ f ’ l jt J\ y J^ S <l (Hindsight) jij< ji (jf~ Sj)\) </ 
jt (Time) Jlj <Sf S < l~ * S. </ ))jJ IJ jt (Space) J& l\ S S </ jS * b) </ hJ J?)/* 
/ S jft ‘ < f- S* f rSi 4 S \j\ <zl jj) f <S)f* jf\ S lS 3 S S ^ S ,,j ^ iJ 
Lp'jj if _ — /J S J f) ‘</ j l J ff S. </ jtj fj lCj f * y J)\ ‘Jj hJ S)f Jj)) S Jfc ~<S\e 

S </ SkZ * ‘Syi <Syz jj <L~ j)\ <L-jS S f jj f / \ l^J S b) Lj) </j jf f <l— ll 

f\ ‘fyi (3 I jt )/.) jf /* J S) J f jt [f l lCj I J S LL Sii) J/\ Jf\ J& L—J f f t— d L /I J 

jf f L — tJ j\j) J)) S< <3 <3 S3) * ^<3 ‘L\e L'l eyi jj Lj /e> f f)\ f: j LL ))j/ Jj / f 

i s \ f j) bjJ jf <3 jf\ <l }f / <l— (yJj (3 jJ f f\j jZ ) jOj f\j S\ f )j S yj. / ‘jff 

jf <ZL )J. S 3 )J }\) S\ L J[) 3 j LL f* jf J[) 3 3 3) <Lyt L\)j <L-~ Jj <3 3 )J B) l Jf 

* jf fZ> ‘<l y 3i 3 Jj Jjj JfJ- y* / <l j Betelgeuse j/^ (J bjJ 3 )j S \f ‘3 f > 
jt )/.) jf f 3 Jt-" j)f Jf) <l j\ llJJ f jC> ‘J 3 Jt-" y' / JLjJ <l J\ * J/ f <l J f J) 
}Jj llJ\ 4 S <l fyi f <l\ jjf / bjJ }/ 3< <l 3i 3 Jj Jjj j)f Jf) <l J?Zj jf j yi } I 
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f 'j Jf S i <^_ Lti J[? c— ijJ f f ^ y <^_ / jjjf f \ if f f jJ <J~ 

fyi f j)\ fyi ))jU f )j ijf (jb LJi c— jIjJ ))jf Jj Cl if ij)jfc f-~ / ‘tf 

^ j/[/ <Z-~I S J)J J_ (^l <JL- (J^ (jl?- "j/ JifLjlf 1 - f cm f (■/£> L/j J 

<^_ l>y" lJu »Jr J f S c— Jm\ f f <<^_ j/j) m 1 / U c/. jt z — Jj y J/jy J^U 7 / j)\ j—/. 

.fjyt ^IT J/jy (jlL 7 7 S (JL. jtf !£) 6) 

jf\& f f £7) jt fl ‘£M ))jJ jf jtf ))jf \) / S £<^f S J/ Z—ffjfy j/ if\ /P fl/ Jt> 

ff* j) I Jbj r )j J/y 7 f £~ J 'f J) J \}yt ($/.£— (jliy * £7) J! j?f\ f(j) jt )7.) * ./ S- 
jt sSsjy* f / yt <f J\& ‘Jj 2*L f J) r" <^_~ (/‘ b) ‘£~ tbyi j& f £*7 Jj\ 7 cJ f f jt 

jf )7.7 f J7j-7'J jt <l — A <f £<7 Jj\7 S £~ f f\ > f * S j)\ ?ff/JM L / yt L*l> L* J f ^ / yt 

^LJpyi £s/ h)£ 


I 
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L& i_ jt <jj jfJ/ f'ji j A- LL f/ S Jf^ f / Li lJi fj ^ 'OJ’ S 
L/j /L* ff S j/j/J fl/ ‘Jj 2—f ' y„f. S f mj/ jfiJ L L ^S J J S fJ S jt 

S <L-f\J i^M^i_ fb Jl j;\ ‘6 \ jt )£s c— <~J JL i)/ jS j5 c-'J') JJ&ti'f'l/ S 
Jl f c— jf y jf L/s Syt /f tjJ jt Lj/ ()\mI j)\ S ) jJ jjifl f- ‘Isfjff j ob 

.j% tS-S" / tj 1 / f jt Li S /f* Li 

Jj\ L- Jyf* St 'Z'Sl ‘C~ Sj jfl. J yf cj. j/t f— jJ Af* </ jJ )/./ C— ‘ZsZJ S * 

‘ZsZ J L- U S </ S& i jLf * jt ^mUL Af* f'i/ jS f /f if J ^i'Jl S J ij/ ssl Jl)j Jj 

.f \m~ J S— L fz jJl S Jj) jt fl f 

J)S C^sf ‘ZMlj bI/, Bslj C- <-/ S Jl Ss I L LL f Jilgl C— S/f S (L—j 1 . Cf. jJl LL CsZ L 
Jjs L L ( Vesto Slipher ) fj f~) f Jfl LL J )s/Z ‘C~ S &L j S S sj Jt) Jt c- J'sJLf S j\ss 
LL csl jJ> i;T /° £- LL jt ( United States Naval Observatory Flagstaff Station ) bLm*j JJ 
LL JslSfi S.sy iffff S j ss S U Ls jt 1 920 L- ( Edwin Hubble ) if J)Xl c^Ss /, S/t jt Jjl 

100 S ( Mount Wilson Observatory ) bUm*j Jf~) //)i L- JU ‘Jj Jl y& J/ B)lj (L lL jt L/J 

S l f SIjs L - J! 4 fS Jt/jLt jsl S bJ{[> L j/ Jyt iS X. Jt 2—si L-SjL^t jt j;s S ' P LL S 
.C- S / J/ J‘ S ’l (f J> s B)ij /** jSf jf‘(/ (-Jy SZ jfl jt yf L—j/ J! 
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lf )j (Jf V 2_ U Ll>. ( Spectrum ) ('*/£/ L J/ f u jf <c~ c— J/ Zl (J'l l/ *jT> f u 

Jl f </ L"//I2 IjSi J/ ^ J)\ff { f J»3 ‘C— f jt Js* J/ f f uj/ f. <C_ f J^ Js* }/ i}s( 

jf c~ uiJi i/ J y ) Jf f f jsj f j)\ff $ <<c_ f ff j f f' jy* J/ 7 S f »j S 

S J~ * f) S f- Jiy*i S S »j f 'f Jfe Ji/ 2__ JI ‘S C 'i/f S iJL jjjj> 2_ [f /. £- 2 — / 

./j j\j: S (Cosmology) ‘zfS \ j f i— J/ J 2 ?l-' <£l (jiUi j/lr jfs Jj ff c^b-l/ 

jlj) J)) eJJ 7 L- U ujj <£_/,(/>( tf‘C— Ji ) Jl) jt tj) / S jf j c— £/. c/ y lT <^U l/ /* 
jf * jt (J>y <<c_ f / f cJis^ jtj f c- jtf * < r f A ^ Jf! f/ ‘Jj Jj <Jf J)) c— ^ fjff S 
J'l ‘C- J‘J <=— J /)) ...I fs: i-f'ly 8)1 j f Sjf^' ^ Jjff f. ..jff f ‘C— l<f efs Jf f S)! j\jf 

.c— \j u 0/ fiU i/ jJj) f~ /f f jjfff jS f jf '} * f t f-j f ft e)ij jy jf ^ Jf 

e-* Jj ifl ftf- ‘Jt UT-^1915 J I Jljfj jQ t Si jf ( Jt / e^jJS C- (f Jf fiU Sbfj 

yf ^ S f/ k */! f lS \ js 'ff sz— »J S <ff l/* ‘U)fCjis eJUl 'sf J f Jl L- JJ J I 

y JjJ S L—)l )?.** jt J! j\fs ^ S f J )\ f l /I J> \ J \fi ‘f >L>l fl <c- 

.C- Jsi SjS S <rr f J 1 ^ 


J)) 


J)) 


S / tfl f j/ jf } ‘<l~ flf /f c— jui * I tjfi f ( Space ) J& c— )j S ff »rU *fl 

J! u/l f j/ Sf } <f! ‘Jj </j f f/ / J f Jjff Jr j)! ‘C— Ji /. jJ) Sl S J / J 6- 
)f)j! j/ b ^ jf Ss / <-<! ‘Jj 2J J>) c— <!—/)) St jf L — / ‘Jt <// f f f J) / f {J- 
Jr ‘jtf if* U i'& if f (j/ / if / j)! C— Jif f) f j\\f f (jr* ‘f~ if * f f J)) c— J! if f 

sS'f/ if (j /. f (j / jt y/ / ju / iL ‘Jj c~j <Jr [f <l~ /)) c— <Li/ f~ jf ff Lyi f j/ f 

S (3/ ))j£ ij S j )j f c// (jy^ /i f (j/ L-u (j / Jif f <Sf f S j )j ^ ji / </ 1 fsi 

.S <L- J ff csJ)/ S 2 — /(JU csi/y S SS Sf <fj f jf si f csjs* S c — jt) L si 


I 
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<■ 


The First Three Minutes - t? Jgi 

»A/i • • •— 


> 


<■ 


> 


jf y <^0 Jvjj i/ /S L (Jl^* (Jv/ j}\ 0 <£^ <£l (Jjl^O ( '/' ‘S? ijfi <S l/ l/ J* 

Jy' J/ l / jfiS (/"&* jy. (Jb i — /J''' (J~ l/* / <2^0 £l (jlZ* (J~ (J>/ <(jt 2 1. jsj ■/}} t-T) 

^ cfi ‘iP lJ Sijs Jj J/ ?. i— JJ <</ lO 

3.1 J/ 


(J* v/ y j c— j[} j t_i^ (J c/ Jj/ <— c/ S-J <Jy <_</ l/ l/< <l/ 0>/ y (J* t— (J lO 

(j! jlL£ <£l jJ’ i/l ‘f i/ <l — {i j\)j ssi j J if l »} ^yt jy Ix <su jf' <£l Lj? jf' i}/ ‘t <£_ vij 

k (Jj>V lS i/ ,J S i£ / ^ y S^ J ‘-^U <_*>!/ .JU- <£l i£L‘ (j J *vj j[)j S 2L <i-y; L jss 

i/Jjff'j/ / <^/}S c— /Sf' J)\ <L J}\J/ S *— /}} c- j) J/ ?. j/ j / y Jly*) 

J>/ J/'' (JU l/ <^_ yT^* Jl ‘Jj: Jt* lO l// ? ) 0/. (jl/* f> ‘</ \j J/ (j~ <C_ ./> (jl/* /jl 

j// j/ S (f~ c~ <—->!> c^lj JjS //b jlJ* S JjJ J/ S if ^s/ i— J/ ‘</ iy cy>J} / 
jO 6)J [f ijs <J) J£ ‘t y: esij j Ul JjJ J/ Jjb Jlf L L jt S sj J ' Jf> JJ jss j/' cc jjl e/ 

,<c_ jj.J Jy S 

cs/i/ <C J/ <<H Jyt c~j i—c/ esij fl'/.l <Z~ Jfl jt l/L S </ ‘S Zy ' J Jf! y <</ J 1 j // <^U l / /s 
Jy f c— c;!j/> ffi' 6)ij i—l) Syz jt jJ. Jj/?* S J/ l f! ‘\J Sj S jiU~” S J~ jiU~" J/ c— 
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f (jj-f Ji js\ (jflf lT (J" l jt jA f L Jvl) i fff f V (J~^ J \£l f f (jl^Yf^ >/( 

'g f Jj \JsjsJ ' f S Jfc t) ^ <m ^ <C~ siy? J / tsP.s^ ‘jtf (J^ * Jlfi S f 1 

js\ jf^ (j* cj Sjg? <^js y i_xl ^ u ^ jt t\j S lj& <z*sjs jfJ jf Js / i J f^i 
L> LL c? ^ U( / ^ >Do 6 >Lf l £Ty *J ?if\ <<—/» )f\ ‘jj jf » b&i S jf (f jt jf\ 
jV LL js\ J^jjj J?l)j ‘Jj LL f C^L >( £>l f) (Jur <£^ jf ‘</ jf SJt lf (fs) C— «/ tjj ff L S* * f e/. 

.t/ f aj 1 . c/. )\f f Js&fdls LJ jf yj c— )j. f JsJjs) 

/s f fs'i 2> Jf^ <f~ )/~ J/ ‘</ ifj jtf Jf^ fj f fj)J/ S >Sv f f ■» fs) 

<f f’[/\ f f (ji*/y js\ <L~)i )?.** jt ^i^Y (jj \f * ‘<z~ <^f ff j \s L~j Jl j/j) f~ jjff 

‘</ & <Ls )\ Y jt tij f jjff $ bJJ f /l jsi <—yt 1 — / ff jff jfy. fj\f ‘</ s/.s'* jfc L 
Jft fi f </ flf f /l «- J\ ‘</ (jlf f ts* f jOj f jjff /J /J f f>s jij^ f f 
<J\f f&f fs ^ f JL f\j <f\ f c^t-Y ^ f ‘fyt Jj ff <m J/ t)iJ o/ f u/i 
c/. oi/^ jt j& JJ f <l. CY <z— <J\fj\ f yt [fi? k> 0? P* ^ 3.2 f Jf if jf y jff' 
h>)\ f t—X jt Jf\ fis fx f <J~L. J' ^ «X/^ ft ‘ijf C— lj/ £/. * f: ‘lf jt f\p Jyi ijj 

</ fif f.) y f\p J / f>) f (f <\m\ f fy f f f . tjf jf\ ^ f ‘i}yz f c— J'jZ c/> f> \f 

jt jjff J\ f jfc<f f f’ jt J;|ji <i—Z» f >>>X jJ j\jj£ J / js\ f* f ^ ^tY jt j\< i J j~\ f 

.</ jU JsX! jsl (j£*l L <L~f (jL* S>. S L ‘J ))jJ jt ft <f\ B)i f )/»* 


I 
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jj/ Mjfi) J) i}yi L /\j u$i f\ if (Jij L/ ifi ij/ L 

J ^ J>. <S iJr J iyt cj 

4 ♦♦ ♦ 

3.2 ff 


<^Jj) g /\ j>"vj ^ <£l c/yj'l if LAj»J A 7 Am\ f ijA Jz> ifl \f \Jz 

Jf\ j/ {>/ k> if< A^j/ij)! ‘^i/tl Z&MJ' tL. 
Jt> )DA ^ U^* J o) <^_ / / /A jff )J~ l/ S <£-> A <<z- /> iT i)ij /f c— Jj°) 
<^^J^^j\ /ijttJ'irfJ/ ))j/u /if f J a L Jf t f/ tJx)' L f 
J\s J\s L (jK> jf J S <z~f/ * ^ J 1 / f (J~ (Nothing) JiJ f ff’ f ij 'J S 

)/./ Lfifi L Jf (ju [}f /j S * fv J/ / S/ eL — As Jl ‘eJL- j\*\ J [f' ^(jtiy j)\ L—)l 
j)! J)f ))jf Jj / <^)i ‘<z— L~>? (Jli^l f / J) ^ <!—/ ijJ J 1 ‘l * 1 J tj/ Jf S' U~ f ^ Jf 
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J/L L SS Jfv J'L js\ JU S L * j?s / ' Jf\ ‘<f~ jv Sj Zll Zl (/ yb/ fLp'l Jj If J& 

SL? S 'S S' ‘<z~ tyz b^<L“ if' c— c^L yf j)\ C& Jj S" c— c^Ul ijS £. 1 c/'t' c/ 1 f (J? 

(X (S / j‘ jS S- (j&* j)I ) JU J*S[ <LL jS </ J& S)jf il L Jlj <JL\ <z— jt /^ S 

‘jL* (j/~ j)j\JJ ijj’ i*i/ j <J>. <S S S. m o) j% jS f j S SjJ /£(/4i^ Utf 

c^: lT ut jjjj> ‘\J J/ui ~4-i Ji <z— c/. ‘j jij i Jzj> L (Jtiy j)\ »^i ‘jij 

Si i? j/ L Ss'i i/. S <Sji <S S j~ S ji/ *j/ ji ‘j~S <j— s ^ * S j~ j S 

.(j/ Jl*"' (3-J ^ f f*U (J^ ^ S>) y (JL^ >9l <L^ jS j/ Si c~ \J\ ‘J 

L 'stig jSS/ ^LV lT ^ iy> ^c/9 ^SJl^jlL am\ S^ML ji js\ J>.JZf\ 
(J* c^jL^ (3U I S S S L J^S S 1 J~ 1965 ‘"<L~)S )/' c~\ Sj*/ jf^/L c~ c/. Jl^ y (3>? ./ -V/ 
(jjJ i-j/ / <z— S~ jLS jj\/ z J f (i ~ 6* j S < = -' JfS jj\/ ^ J L f'i/ S S * /. 
Sl> ‘jj jjJ) ijjif jf^ <>Sj i l J? k_^i <z~ j/. \jj L dJ/.i S c^kY jL\S * <jj Jj j?j L <z*j/ 
/. (j. ijf <jsJ L ( 3 ll~ S jS j'i _£> l jSi jj\/ jf\ ‘jj jS f‘\} jS <S\ S cJu S <zS\ fjij/.i * 

i y> s ^j\‘jjLj ss S y ij jb c u> / j/s SiS s\ ‘(^ & s <y u j:o jSz z 

S (jUlT <^j\/ jjj) f Jy^ S L jf\ S S~ S S~ ss (3 S/ / c^kY jt SL? j\M.i S (/~ 

Z-J) S ^ LSjS jSs 270 s j\Z /J) U Jl S</ 0 % zz <z— jfj S J/S jj\z jS'jijl 

c/ ^ /S SS/ SS f ‘j* jS\ jS\ c/. z j zj L~ <z>) ks £ S <Zsj\/ J?J) jQ ‘<Z~ S)\ 

jffS L S/jli <z- s)J jjl S <4 // L j\f/ L Si/L ‘<S js£ c/. j/ jsf S J\ j)\ jS y 
‘<z~ l/f jj/ J / jf y y L Sy: iS’ ‘Si bj J)\ <zsj\/ j>j) y \y S)) S ‘jfff jy: jS’ 

L S j / j/ L j/S jj\/ <z~ j>) j\ j)\ jf S S j~ lz* j/. Jf» S y SS jj\/ 

S\ ‘<z~ fsi n)lj c~ j/S S <zsj\/ /j) L)\ j/ j/ U j/S S <zsj\/ j>j) f“r flf j/ 4? 

SS jj \/ 1 ‘S* jj (L '?/• Sj S fjf ^uY SsLi)f jt sf S s l^ </> A // 

<z— Jf\ ‘t ' yiS bj XS s 4000 j/ <z<j\Z j?j) U J U J% S j/. jj / 1 ) j J j/ L Syz <J>. S 
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J'l j)! f ji Sf if ( ionized plasma ) L—jLi j I SS^ 7 S)jS\ J wtJ 7. JfP jf)! Pf 
fL (J' l Jf LzlL (f ! S Syi { <zsj\7 jj-j) ‘jf ff* j'/ jif jt\yf jf 1£* }y. <c~ jt Jf\ 

.b S\? j'J < c— jJI J—l f jf[*5 i}j!7 L~ { J! ‘C— SU P. \f f 'j[pl ff S jf cf’ 


ji jf i S l~ [f * Jk l~ jf jsj <C~ f t>j jsJ f jfi S jif Sr Sf jf \ 7 ! S jfS \$S* S 

Sf S ji CsjlJ ^j) S J/S i Jb Sl c— jf <J& S Jf \ ‘f~ jS } \jfl S J 1 ‘-Jf A 

0)lj }f Cslffy. <L~f S <~- }S f$ cj\S j)! {jjlf f ‘il~ j) !f <£. J^fli S Z—J) jfl 
CsjlJ j?j) y fryi $ »i j i<£jj\f[/ L ^mS SSt- Homogeneous 

Sf' ji jSf ui <c— jif JiS y jf S^ cs\f I i S Jf "J—f / Sf j /u ‘tyz jifl 'f Jf! <c— Jf S 
S) y SiL <S jfj jjj jSl) S ‘Jj Z_l>. jf i—f. S S <£fS ^ A J)! Jf S J)\Sf f~ I j)! 
.Jf Z—Si d— yS f J) l)i bfj zL~ j)l Jiff }si & <z— J)\Sf < ‘<i~ f iS Sif l7J S i—) 


fSx Sf' Jjf Sz k )<L~ f <^~)i J L~J ‘Sf jS ift l~ <L!7 L f?s <L-)i 9 <m< 

o-"' a>\J) SS S ‘L- ‘r^ jf L Jyi <i~j j!) ~*j S [J! (J'l/ if ‘L- J>Sl ‘t f lyi ji jJ. ff 

‘Z')i) S S * L Lii Sf Jjf Sfj'j <L-{J!<L <L ~) L y CL CSJ) ^ ‘S *S Sl ‘L— jf^ f) })i P 

f COBE <L~f t-jJ Jr^ JJ Luji 1992 ‘LLJ S if t^Lsjl jflS S 
jfz S jSi S. jf jiS ji CsjJ jfS }/ > J*. S \f jSl L~ Cosmic Background Explorer 
jjS^ fS j\f j * IT <l ~ }yi })€ * S <l~ \S ‘<i~ j} f J ‘Sf ji ‘ZsM' S jfS }i) L~ i c-~ jf 
S~ L SS' ji ji))i Sm.i S~ cSi ji fi L~ jfS JS* J ‘jt jf & S Sf S~ LSi Ji )p.) S~ 
fl/Sijtf nfi c-Jtf. &\£i i S <l~ Os )*. <l~ c,iJ> ji ‘<l- /j S fS S ) S f SiJ S~ Sf 

f.\ ? ! yi tj) / ji h\l ^ fj Jjl [f d&j! SS ^ Lyi Sf ji J)jJ j)l JjjS S~ d—)i ‘Jf "eS) c~J 

■f Jv SsfjiSjf ijjf i^S 

f)S <Sjl<S jfS }j!7 <L~ }S ' S„S S ^J.I jf J)! fSS SC'f 7, l~ L f J)l i^)if j7l Jj 
ijj) f h\l ^ jJ. S jJf Sfl <c~ j\il S l~ Irlf Sf 1 Zz. f \ } ZlJp if) e~X? c~~ <Z;j!7 j?j) 
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jt X\e tj' X 1 iX 1 L f' j X (jAl 4 ^ »jL> l£( j\7 l>j) * ‘t yi XSjX ijf* J)f J) llj\/ 

<fy )£y' jt Jf lT(J(/^( vi( Js-Z ‘X , J if~ (J->LV <z— >-/ o)i Jj) \J! ‘Xojjtf )7.y' 


‘O—yL j ojz ywfrfr 

‘JL X j/S £ 



i—jpi * / j)\ X X \J fi Ji)jj >i( (Jiyjjf U?r^ 

J// ‘Jr ^ (jf \/ \jf/ j/j * / <z-Q* 

jJ\ f i—)l )P.P Jlj)) Jl (J ”oJJ* \jt £“ \f' ft f Xi/ \ S Steven Weinberg X/ Jb jyj) Jj 

J \j7 * 'j£ £~ J" >J Jy\ «> X & J—L. j/ Ji J\i)7 P. ‘\f . J ' j i/< JJ S jL~ ' X, <J~ f*J~‘ (Jl / Z 

jfi) )\j6\ * ‘£—\e iiyi y X& jjX 25 j)\ jsjjJi jsX 75 J Xi>f cl~ )j J \J\ J— \J\ ‘J— 

.Jt tfJj Jr j& j /> X jJ' Jy >jf y S /tP J lJ , - , 2— lf (JL Jt 


fi~ ‘Jyi ljg jt j\jJ \jj/ c/. [/ j)\ 3-/~‘ ‘(")J) c— c^XiP (jlXtf <L-\) Jyi jt fljs.l 

Jijl jJ. /*\ 7 <Jj L-yi jtf lj& jt Jj. X <Jj f [f' <z— jy£ Jj X c~)i Jf X ll\> f P. // iJjJ 

.(/ JJ (f&J'jt ^ L <£_£ j J* lj& S J ‘J yi \jc c— J)jJ 

fJ ‘Jt jf X J[jJ S Xj. X ll/ J‘i S /ip djfjj\ JtJ dj X Jm 4 ‘>\J/ f Jt> 

J>*U I) <i—/)) L <z~ j/ drL/S X cXf ‘X-J <L -) jtf kSsllP X- [/ J \f' Jj Jly 1 c/. 
j)\ J\/\ (*l/ J/ S >/£ X J\ j)\ [f r jX jJf J \ jt ,\m\ (£l J&f Jyflj'. l£( J>. <X jt 
Jifjl^ IjiP) /fpjt S L)fJ djX^X COBE ?(/ j/ J Jfl jt j/> f'l/ L jJ 
.</ if \/cL- j/ S Jj^' X J\ J)\ J)XS I V &\J> J\ JXi/ / c/. J\y ^ 9 -</ X 

c > C j ** c 


High ) JiJ S J j S (jL*(y S/ j, \ J> J J- XJ X S J Ju X (J( /f 'jl jt jX ji> J\e 

* J </ L~i j jpj x <jj (f \ S jx s >)) / S j j \ x ^ij jje X ( Energy Particle Physics 

J\ Jij>i / J))\>. /V f X X& x ^i/ Jj. yj £ i\>. s jj S ^Xi J.MfJ 

Xl jt <L-j/> ll^\j t>\/ P. Jt jj c— Jy L*( y jS ji S"\ P X b) J / f jS) J y^ jt j/ 

b) X Jfi/. S (J*(/ (JL oj/ji X j/ <1 _ j)) J\ffo) X/ \ /)) f J7~) <X o)iJ c/. c— jri'ip J\) 

ll^) / X X Jh S X X X yX '/—< X) X< ‘Xyz /X jyf X X <£-/ l—jX c/. jP. 
/ ** ** ****** 
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,<c_ J* <sA/ jtUL> J/' 7 Jj/ >^b 

(//U/J/jfi/^ Jl>* j/VWv/w/ </i^/(/*9/>Ui^<^/£_ 

3.2 / <sJ ^ UKf J£ £ Jl ‘f J4 (f {?- U->. / <^vr* (/ /iJLC / j/( / fc/fY jt <£. 

/i J/ l/ (jfeU <_^> /<c_ L~rv <_/* l/ (/ <ll, Pf <_/U / £_ _2*5 »/ iJ <<^_ l/ Ll/j / 
/ JU.I «pL / Ll/ / 3.3 / / Ju (/I «p L~* ^ j/ // (//( LJ y l>^ jt f 
j/ (JyC >D*> (/ <LUl (/ (/ y <^_ frr v'Ul l/ L/* L 3tUf y4 c/~* <<^ I 7 yi c— [jA}j JUl c/ (/ 
(j/ <<c_ L~ l y (JU« L Jr^ £,( JJ tjla /~ <<c_ C/y U yjl / £3 9 <L—jS JJ ojJ’ »1 <c_ 
wli c/. / LU 1 ) L <£l/> / 3.2 (/ JlUl jt <<c_ Irr £> &/ djIj c/. /lU / /l i/l 


/ L 6/ »/ /3.2 / /^_U L*U UC Jl> (JLj/ ?<c_ L~>f Jjj'jlkf jt Jl>'l jV / (J'l / <£>bY 
U (J"l <<c_ /* <j/> jt jf! </ S y <c_ L~r / / 3tUf <_>/ /<c_ L~r <<lu. (j/ >>.> iL j\ {/. jf 
^u uZ/Avi «£_ (ju cfe <3* f^W / k j\)j \S'»\%Jj J/Lt-j'f c5>L^>i' 

) Jy//~l L <_J J >U jj (/ <_jJ ytfjJ/ 3tUf (J (Ji^ / <c_ l/r V^* (J /i l/iJ »/ L 3.3 (/ y 
Jy//l L <_Jj >U _?/ ‘(/(J^ Jr '/ c—'/ j&j S >lkf Z <^M/y <c_ Jl j^ Jjs. ( Anti Gravity 
o;l/ /(/(/* (J~jI L <^bY/ <c_ l/ / <^_ <zA/ JU J’jf £jQ /— Jjl (J J jl/ /i 
,/u L; (j/ J/ (JfeUl 31 JvU / cJj J'l jt Jl jf J$jj (j/ U JU*l / cJl/ »1 

(/ (/ / U^UIJ^I (Jl jJL »>/i l/ 3iUf <<£_ </ <£i5 ijlfjl f~ s. krf / /j */ (/ <^l/ </ 

*i ^3U > <i/ j/ i* ui V / /f_ <^ue ^/i^i jiwjfi^iT/f/ «f_ l~//i y 

</i / /lr <_/>* l/ l/I L»3: (Exponentially) ^ ^bY / ‘f- r / (/ L~>f (j/ (J3lr* 

I^L* l/ </ / JL j (/I ^/ <j/ l/j / 1/ l/ <^bY / i/ /1 JLi <fj / i fjj /** l/ <^bY / <£j l/L3 

_/ l/ jiUf <<c_ L~r £>>? / j! / yk / </ J j jjI <f J’ l j^i / </ / ‘Z vU j/ / </ jj ? J^ (L- j 
c— j[)j dJ if U y vU jl^U> 99 <c_ jr i/ U </ / 9 ikf J/ S Jf <^J j|UL> y /U / >lUl 
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,<i~ 1 / ‘Z— (J\ \/t f t <L~J f fj b J m jf fj wli jt 6 <<L~ j cJ.i/ 



\j ( jj[? yj jjf c/. P. \$j'f cl~ ff £~ )lSg jfUl jJ. <f l£>) ff L . 1 jii I if 

.<£_ (Jlf^ Ij/ f (Jlflf J LJj j'f Jp / If )l / <<l~ f L \f ) JL f'tpJ c/. j$ ij)f 

3.3 if 

CJ j&l »jL J £/. J)\ jfui <f\) fyi C— )l/ jt iJL»J) f J'l <CL. Jlf (JL cjif S cjf jt cJfrL 
j)) * c— jltef <L- Ajj JUI jJ.lf Jy< Jj if )P.J jfjtl) <L~ f~ jt jf / jljj.i fl <cl~ (Jl pyi 
)L / jt Jy*" <ff jt fl mI f\ jf J'l <jL Jl pyi j)) /6 L-jj C~ U£ & j} Lfi ‘jfx 
jj tjf lT jt Jy^ f'l/ * ff f—y< jIP 1 f ‘J'J <f~ Jl c~ jlkf V L ? !y< c~j/ 

jf' yi * c’) (J" J'f </ jf ifVariations LLlf <fb fyi lJIj) c~ )j> f COBE Jr J/ <<l~ t 7y< 
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UL Jt> (S U- \ S\ c^Uo (X l/0 jfijf u~ U S\ u~ u^ ('u ll$()U / S c_ 

.{Jyi SL\ Variations L/ J* Ufc S\J jjU<L 1 Jf j)i £JL i ^ Oi/» 

i) j( ijt >i/ S </ IrSjU jt )S jf/ » )U jj ‘j% Z — f J l/ )\j*\ J~ ' jt <zU' jf\ £/\ 

io -34 / / ^ S (2— jS </ S jV u? c/. <S\ (JySji t s/ u* S S~ 

i 

100 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000,00 

S jS~ j S U jJ. S <S J <S\ ‘J u (t ( S <S? L~ jt J S>) <L_rf c/. \j< \)SS)) jJ. S jS 

I (tjj\ <z- jt c^lJlr' £- <lS\ sj\ ll- <^J> Jf\ S yt l fyt $ SsJ’i S Jj \JjJ <S\ J 'JS JlU I SUJ 

,c_ irL Jf l/. 

t * w 




S (£ <*} j^ jt yikf ijl 9 jJx c— )j. S S.S S ( Sub-Atomic Particles ) lL'J) S S S 

£) S \/ 1 fit^ {jjJ <m j% lS du» c_ jS u S ('// (i/ * <jj Si zjj j( jj/ (f~ 

S c^?L S Jf.J Jrf/ jy. S ( ( Quantum Theory ) Sf'S J J U ‘Uj ZS ( Quantum Vacuum ) 

<S\ 6) )Pi ) L </ Jf\ jf) Jft jS f/ j/ S JP.J jt ji) jiS * S\ ‘U \y: jjU S </£ S 

<L~s£ <L~s£ S (Jt'iy LjJ\ j)\ j\j\ ( (S )J U>)S <Jyi JfS* y ll\j) d S L5 Jf £ . S £ j/\ ( 

♦ ♦ ♦ *♦ 

J <—/J! J' <— J-; Joi j>l ij-f. <U) <£ ( Photon ) jjij \j£- ~ < <■ Jf' J ( Ouanta ) l ilf L \Jsfj; 
/6 ll\j) (Sub-Atomic) <LS( c_ /l j>\ /\ ( <l£ Jf\ <Jj S £ Jv £) j>\ (J.V ll<$)\ j£ 
‘J\ £J\ S “/ ^ j J * / SS f £ /C> c<L* Lv? JlUl j yjU £: fl/ 

.Jj 2. — / j/i ( <L)j S j/ £ JU.y* jt St jflt S Jks <lj)! £ J\)j j)\ JUs 


Uncertainty ) £ (* J^ ( ( Werner Heisenberg ) Sy J/ Jy*l jS / S ( cVlsA JjjJ 
jj jU S JU ‘jt yi j/ JjS <z— llS J(j\j& / £j> S (U>.\ JjZ j)S S £ c_ ( Princinle 
U L j)\ ‘(S yi jZ J’t Su S l£ 2> jS ( V L S' 7 j\JU j)\ (IZ* jt S) S £ J\/L\ £ 
jl () / \jfi j(c ‘</ £\e £ S jS vi> jf\j j/ £ (Jtiy S u S ji /J\ jf> jfS S<f £ S S) 
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li^ j\() y U-> S J/ J/ (Jl vii >i / S Uj J ' fS i t/ L jLiy 

t/s/'b) f f \f (ji^ (j^ <<^_ l/ viy' (fC* (/u^ (ji'iy / j~) (jyir i/ (jtiy 

fj) ) <£l (/i >ii <^ (j>? tjTui (.^yt^ ^ <<£_ (j^ />v S ~ S (jtiy <<£_ irif>? />* (jtiy li^ (jyir 

<j * t/ i* K<^i> ^if Sjf 6 f Jj6f s <L>: ^ L <L>f /X 

S> J't J/ (Jt Sj 2 /U->l (jtiy Lvi ^ 0-> <<L (J-^ <i— ^ (J* LLl (Fluctuations) l/ 6jtl) 

jjr 6)1 j jf (jtiy (f \ j j\fi>)t S <^_ (jfe <sLL> if Sf ^ja ijs* I <L jJ (Jy*t <(Jf,5 LV (/‘ jj <L w 

IrJ iu L>J /» l^ c-V (/ <Llf Lt/ -/ J L'J <L L>? f <L Jtiy <lf L ttV jLf (j J* i <L 


) | 'j* k 2 *ij) l? (jyy S * Sf '~-S) Lj / Ju (ji <<^ l~u <lj Ju S ^j* ^ (jtiy 

jt )£) L (jtiy S j\fi>)! L>3 <<L J L*lf>? 6J i)) J IjJ jS I jf (Jt <S< jt )?.) d— (Nothing 

)£.) <S <L e£-/ f c/. 6) S S lS f ) lS * f s 2 /j ) £) / ' <f S <L-/ f j iS »i / j)i <L i 
1 7yz I /i SU <^_ kSslj) SjjS <J! )) S L. /JU> S (jl^ S A X J S S f L uf <(Jt <Ll / 
j)! flf UU <i — /L^ f j^ljj S J I* (Jl ‘<f- (j>t )?./ /L /i / (jLJy <(Jl jJl S (JLV L/* 7 ^ / J) <<l 
-?L <l fL* <L (Real) L J? /" SUt (jlf j>! (Virtual) Jj\f f S'U ! J)! S <L 1 — f 'ff <l L>i Jf^ 

-LL/ 


L> [/ St L> J) ‘J L^ L lj ^ (jL Lvi ff ^ S* SjI L-I 

Lif j. ff i/ Lv; (ji y Lif S ft) (jtiy yiy S j) S Jtiy Lj u/ <z- /\ S f l>j j <=_~ 
•lS 10 -21 jL j)f > J jSt \jj\f Sf \S <(Jt ff <z— IjS A jL LjJ * SS uf 

i 

100 , 000 , 000 , 000 , 000 , 000 , 000,0 


(jr~ io 11 j)t <l Uj S S S. jf cfu J/$\ / if (J~ fj“j S^ l/i S 1 <j jX'.y' S S Sf 
f tfi St /l /j / L> jt S'ti tks J! «l SSS M ts s AA ‘ A A 

<=_ jjj S~J Jj Si S <<=_ jf S S <f-/ j! f j /ft jt St <<l L**>f S iS io~ 8 
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ji } S £> /i <L-\p j. ji/St jS <St j}\ <i~j jp.p S <i~ jf S.tyijtf <j\* * y <L~f J* (jtiy 
Zl S J 7.P (jj o) S <l~ * -?i S J? ^ — 'l^ ‘L# <2L- »? (/~ Jf (jul ^ c/^ 2^ jJ j£) S ilIjJ 

C^yi ^ yl S l^ (jyy Virtual Jj\f \J* <<i~ C& f l£j jl / f Jl f L- jj&j 1 1' cfi JC 2—jy~ >1*1 Jj 

jyi }£> jp.p jt }i bjiu S ji <<i~ c£ \ S l/i j f j} <L-)f Ss j S/ jt lJL/ iS f~i ») ~£ 

J! £~ S J\St Jd}’ f ( Spectroscopy ) [}_S ifet ‘J? 2—f J S/ lf' jt lJ '? J~J* <£- 

J^if S fft £-' ss S jSj }i jf ‘-Jj 


jjf jtf n/ 7 y jJ JJ (Sub-Atomic Particles) ilIjj J~! cJ S J? iSj / /IJIf^ 

jt y^S uJ JJL jfjj> S (Quantum Vacuum) S (jjJ V Jt 2~yi y! yj LjTiSjSff 


J" y£ jty Corresponding (J I/ * ‘Jt Jy JIJI st jtj S& y n-tjj S& ‘Jj (J> }S JL~S 
Vacuum j£b (Jli^ S f\7l uLJ <i~ jCt S <i~ jS jt f * Jt> ‘Jj }*i 1/>I^ f S ilIjJ 


J C* i't <z— S Jl lSJ jbJ jlf Jii S S lC j 7 ”jC > [e JjS' Sf f ‘Jyi iP.P States 
ij 7 S J iS Jt/St lyi t :S JjSjSS jfj ‘Jj Jyi (States) jt?\r S (Jtiy (f S }\ S S ^ 

<l~ ‘L~ (J yi aftj jtJT" J iS S Jl'iy St- S <S / <z~ jt J tSjiSjt (Jr*U L JijJ 

}yi jt? L? S^ L JSty Jly S. <z~ Jl ‘<i~ I ~yi f* ^ <jz jS Ground State iLjy* Jjj S >U S~ 
(S* S~ &! jt ft/ bjL> ^ Sl n y <—L? tJ^ jt SL? S. f Jl /St jCl St ‘Jj }yi f* S Jil <Jj 
JL ? Jl }a HalfLife J>*> l/L? S S SL? xS/. S / ‘</ t*l Cl y Ground Level SL? 

.L~S\f l /(£* SjSjiS 


J7ji jA J! ‘Jj (3 yt Jt’t S:!y. BiLJ ^StLStf £ Jt ‘<i~ 1 7X Jii^i Jp*i Ji f / <l£ 
L (jL'iy Jy f <l~ (3 yi (jl J f j jJl <l)t jt jj\? } 7 S l— ^L Jil * <l~ I ”yi j) J\f jt jjL'l? 
Jl S <l)t Str * S t tS J& S SkZ J! i'L' * <Jj jS f <l)t JS iit jS' £ Ground Level 
,<i~ Irlf Lj ffc f,Dr Sl S <l£ xS/. j£i S <Jj <L-'t / SS 7. <i~ <=— Jy^ 

Jcjs Lj. j\J\ {J\ £ fu> L J! ‘£~ jS }l/ S\J<L\tf L S<j <^S L'U Lj Jij 4 /l Jl 
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jyy Ji f <j~ i£* J j jr~ jyy (j>i* > u f <<^_ i > j i jj viy < l_.»/ ^ / lj/ ^ /*< (j , ( 

<z_vlf 4/ JlJH < 1 _/^ J_ jl jJo <L~ StrongForces jll jV U? jjI WeakForces 

/\ jyy j~’j A jji }y. jf <[f }f !y: fs (/ (jyy (/<^/^ <<^_ iri <lu j/ vr^ 1L1J J/ 

Jl^ (j^ (jJ/ -JU -'J i>? L >y 2 J^ i^ j|/i </ (ji (j^ (J 1 bi <J. jys Jj 1 9 I/ Irlf f J& jjI Jj bSl bS? 

jt jy* f c*} J *_Jl vJ (Jt Jy/* f^i (jf/ ^ j/. ;J J~ J* J/ _J<£L, (jt <i — ;b ^ wl <-<^u i/ ik /J 

iy <^y <_/j jjjJi >y <^y jliL j^ <^_ Jlj iy jyb <^ j/ <=~ cj. <jj jC <^y ”S> >}C\" <ji (jt 

(i^i jf" 4- (JU (J^ <zsjy* J , L (J^ (J^ (jybJ* (Jl ^ <lf <L_lf>? <^<L A / L*^ jy / f-i 
.jyz jj* S i^ jt^ f* Jj jf ( (jfy j>j\*Jit/ ijyfcj-f S ff J ‘jj zC^if 

f JtlT jf-Jr J_ jl S j/ J/ C- flJJ J~ ( Grand Unified Theories ) <^L f (J Je> /J? 

/ 9- Jj /f i j/.J C~ Jl S C~ * <Sl l-. S ijjJ / <zJ f Jl <</ fJ Ll»J <Cl / c^if 

if ji y <l~ [f ^ S j*! Si fi fiJ S L? <<^_ Jyr 1(T 87 S j~ »>i j j jJ /fi ^ jZ Jtiy 

Jx io _l! xjJ cl . jtiy 1?.!' jif-i JtJ.Jj J;is- 8 'Jti?i/i <><- J j? 10 62 Jt'Jtiy 

/*>.» j>£* (Jj <^j (/ jLiy J_ <J (j'i y <^_ LvfjJ'u / ^tJ J? <_Ji j/ /1 Ll> <<^_ j /p (j~^ 

(J cJ.? <J <_/ ^ /l (J^ ‘j/ J&l j/ J'!) <^_ ftJ J^L jf Ijlrc Jl jt ^ c— Jf) Jl j)l 

.jf jCj j! jJ. jjijJ' jii f jL'iy y jf ' j f jJ / j/\e Jlji 


<^<L A <=_ f S JU J 1 S Jf ‘Jj csisi [}>\f j/i? S jL'iy Jj cj. y>j!) Jj <J j/\e (J tJ /f L (Ji 
ftJ jj/ ‘C- i~& t»i r\t JJ J cLi ‘cc }£) jfi' 1 }>\j * c- o> / f cl }yi czf f f (jL'iy <<^_ lr>f 
c/ 10 - 67 (J>y ^J!fr (Jt'iy jf' f.s fiX if Sl ‘C~ j& cs/ jjlf jL cj. ji'i? j/y 1 jt 
S) »)i j j I jf ‘f~ J 10 5 ° \uf Jj> ^ J* t»ij f c— c* J I J'-IT f'i/ f j! Jj) * j)l yt 
f f-lL’ fi ^t* <<£_ Csj)/* f ‘-yj/ J* ? <S S Ji SS • ‘jf f jZ cJ)J }/ jt 1 — / !/- fik? SS 
‘j i> f 'lfl / _>Lviy ^ ytl< <L jf f- >i> b) j~ j)! ‘</ yj!) f c— ji) jlfi /f L <L-j/, J iJl jL'iy f * 
jf c~ Irl^y <^y jlL <_Jlf }> •/. ji> c?fi ‘C~ Lyi jf ‘<jf j/ Jl> / jj ^ ^j\f />[> j j^ |**U 


I 


36 



www.iqbalkalmati.blogspot.com 


/! (Jjlf / >1 ) jt L-\e <L — j\a Irl^J (J* Jr~^ i (Jjlf Jb 1 — f £lf J jJI * jLJ (j‘ j£\s 

jijJ* £- Ji> ‘<l~ C&if f jijii f jt L-Xf* <L- £>if C—!> j—j / i ij^ o— £S S f* <a—i S <o— t 7yi f i£i 
(jf JU /. Jl * jJjj L L— Sii f ‘O— c— jj) (f jLj Jjjji I LL (jtj {JIjjjS <JJl / (Jj) S- <-<! j\ jtj 

jf' ji J>7 S £>\f oof S L—j l oof Jjlf Jb jL f* <o— \J! y <f - L~lf i£ f \ (Jr*U Jtrl jIj fl jj! <o— 
(J\fjj f- Jj’jj ‘< 0 - 1 7ji Jj\j < 0 * 7 * (f )Ij Jjl < 0 - Jji Jp.7 vl> Jj. CsJ. if (jl'iy jt <\!7 (j[ ‘< 0 - 
U S j jf L ‘O— t * Ji (f jLj S <0- Jji * <0^7 )£ jf , Sj Jjl f‘\ <X> ‘O- jf <S S JL Jjlf 

tji Ijfi yi £lf£0f (J< S? « 0 - L“ flj& J! Jjlf (f j[j (f ‘< 0 - Vgf. Jjil £ £.£ f L 
c — c J-k f jij if jji ff^ u^y f (Jtiy f i/i if ijj ojy (S £- f Jjif £ fi (jy <<o- 

Repulsive) oof Jjf Jf J I jj! < 0 - L~J I £li jLj S <o-tji * £f ‘< 0 - t 'ji Jof £* J / oof f <£S j 
ooUU 7. < 0 — oof s> Sr “/ (jj yf £ J,) i f <£ <o— £j€ £ j£ <£l f ooUU 7. <f Jl f (Force 

.<o- Jif (f Jffjj <z- £ jt £j 10- 34 /,. f f £ 

fji /X j?!k?! if jt ifl Ijf f (Jr*J Jjjj f'l/ ‘<o- 1 7ji (Unstable) £ jt Jj £ tfl 

Ulc ijt 2 — / l Jl c—! <<f flf LL (JL Xj /t J £ y £ JjL J~ (Ground State) £ J cfy if£ Jf 
‘O— I £>ji <o- £i7 £ £ fj* Jj^! £ <S y. cJyj (jt oolS fj / £ <<o— S £>> U” £" £ j> 7> 
Ground £f c— £f r£l JjU £ if[ jt (Jr^ £S £ ooJU S < 0 - Sf L)& £f c— \J! 
COBE S Jl>' / (Jjjf if ‘£ y/t £ /f Jt> « 0 - (J&l t»lj U£f£ £>! £& / State 

■frf J & V'cJ 1 £ S £jj £ 7. £ 

Jtiy m jt £ J^L ‘<o- C2fji£i 0/ Jyi Jji f i tji/i (f >i/ (jjYy < 0 - P %ji fl£i if £ l </> 

jjjj bj 17 Iji jt jUj jlf £f! 7. <z7l £ jL/ ‘<L- Jji jIj / (jt <Zsjj7 S oojI7 jj! <1. tfxbJi 

* V *• * * (> (> 

/jj jj! <0- Jji | 'f bjIjj £&Sj) <0- Sj £Ul jL/ <-/ <</ t*l £ <—cf c/. £ £ / £j! 7 

Jji 7 ij£* £ (jJ/^/i fji /jj' C£ s/j f£ S /Jtiy ‘<o- t'ipji ^jj io 28 f j[ £i ooj!7 

fS’ / c— c/. <o— ijt £ (fjfi S £ * £ £ / &I7I £ (jtiy fifi <</ jt.7 £ ^jj^ S o? £ 
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L Lj'J c— ufj? Ji\ jf >/* ‘f— f 4 — » L ^ijj ijf f~ cm jL j\ jj\ j (Ji'iy L~ ^ ijj 
.j-Lf^jij' io 50 f jt ^Jj^ jjJ jj\ ^ijj * L\j lL f jt ift j \ l~\m\ 

Li ^zmjj c~~\ c//l f'l J} \ ‘f~ j fj U J j^ 'J^'jj L ^ f JV Zl jf\ L j\f£ f\ 

if jX\jX\Ljf io~ 32 L/ M L j\*\ L jf< LJ jjJ: jj\ jf <f\* L ^Jf\ fffjf 

S jfi j\ L~ tL~j\. fj jj\ jjf c— jf-J lT <j>f' -/ j c f~\ ^0\f jJ. L jjj jf\ L jifg ‘LL- Lyi 
jj:\ jJ\ L jt JL L/ jJ. L L/ tjj/ £, i-/ * jf ‘Jj jfj ^ jf\ jff j f j\J/\ ff 

.\fx 

L>j Z_lU c—\ f f\f\ L jf f (jl^ f \j ‘t/ Oi J f J^ jf c— jf' jf jj\ f jf' jt L 

f L jffj jA j\M\ f j\ tfi f\ L jf Jj / trx jf z ^ L& £~ L 

jfjf ff\f\ Ljijff' ^if^ji L\j L f jj\ fLf, ^ f V t'Z'M 

.{fl f f jf 1 Jf c— 4 —/ JJ L\ f f\f 1 jjI j<i 1 L(ZsOf‘tl~ 
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(Chile) S yrl t-T) (JL* ( ian Shelton ) jf Jif \jff (_f 24 vjl 23 1987 (J>V 

hJ (J^L^ u-Tl / \J! <\? \j f f \jt ( Las Campanas Observatory ) »1 % jj*j L*l f J\s y (J>4; S jt 
‘fsz JJi / Sf iS' U\ } L/ c^L Zl (JlC^ (JlI (jL i <-(jij sl^' s (JL i (jl/ i_ e/i zji il^' yj'L /" 
»>i> c-T) >z — /b/, <£l (Nebulous) (jlijpC Lj >j L /t ( Large Magellanic Cloud ) (/£^ 

S Sf * ^4 [^i l/< — /t' /1 (X c/^i l/ 1/1 S L lS S ij »47 <3/ szfc- fL-j (Ji/l 

. 1 / l// Jf l/i ^ c£// 


Jj f cS’ jt [£> (jzL fj\&\ ^ jj:\ jj:\ f J>S J> j>\ S l/i -fV (X c/*^ i— JtJ* 

‘J C&[p [Jlj S \ Sf J \)j yj 1 <V t/" cjL>J bi yj L- JiJ* c/jj? Ll J\ J} \ ( f’ 

fty l/ c/L^ i— ( Johannes Kepler ) yL/ (JJ 1 604 \sP yj Uj\ ^jf \J\ Jf' <z—\J\ 
L SN 1987A \)P X S of Ll> L T “L->/j / / / (/j^ ^uT £J <L p/^L Ji w/lJ 

.t/ U tL LlL <-4 t jj? S LJ'7. <z— (j* i—C/L / c_.v 

(Kamioka zinc mine) \J / <jJ\ S Ojf & (jl/ Jf zj< *-/< Jf’ jf^ J> ^ L>Ij> 'ff\ \J\$£ \J\ f jf 
<z— tj' U 4/ S 'tf SJ <4- J l/i f t/ U/ k^4l^> J\> f> cj. Jj\ \jf jt js\ yf S 

<z- jt [j> J. c— L <L -> L jjJ' / 4- yf l/< c jf / j S cno <^t?Ty (/ i— (jyo ^uU 7 

Jf Jj * c- Jj?> (S <L\) i_T iLC^ 1970fty sr^ f f&l J* L cJLb/ \f~ jJ\ 
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f LZsbj L f* ji L* y m L~lf LL f*!£?"'l jt Jt>s <^_, (j/j-f J^ (_/" JJl 

»*i zl (j*i y t*if>f ^L A c^j) if y 0 jLyf ^ J7I y (jL/ yJ ^ jjLJ s)f\ /») L w-Tl 
. j^_U iS&* f JLl 4 J\ ‘2-x ULJ ci Jj j»3 j»\<—fcL- <L\f L f ( (\ L L> If 

\/t ^iij/ fif >*y 2000 / J %S\L uJb LfJ Jiu L L L& b/ MJ\ L jt/ 
jt L y tx fj,\L\ ojj i/ fi L)f ^L Lt jfj> jl^'i L\» L&i\/tf jf »f L j\ j>\ 
'tj\/ f jf j\ c^D 1 »f L L> L Jl ‘Lf Jj\? jyy j\j»» L / jj jt Jl p. L f ^ \jj jOj / 
jfiL juiy wi/i f jf jtj y/ ( 2 /) jj, jt l f L jfj> L j\ j>\ c / y S Ljj j\ j»\ Li) 
.2/) t) /L' / c^lJLlJ <// Jl j>\ (J 5 ^ jt c^D I JJj f / f) ^jj^- P. L f f L L 'Lcj 

yt)< <_JJ \j/») lS jtj tfjt Lj» J\ <L j[ tjf jt jf tjf JJj i</ L jt / ijlf / Jj/ 22 

S Jt»s. j ~\ L) L. f z <if / jjf j l Bjf L fjf ji jt c^d 1 j L jt jif f L/ L\ f 

J L L jjl) <if l J jyi l>\J) j)\ j/ LJD f j^Jl) J\ ft> i? flf jtf [f Jr' f’f'f' 

i j JJs f Lf/lL j/ f j j&j L ^Dl JJj i< / L jtf I f(j fLlj) jj) f csJ)\) Jl 

Jl Jtf J? Ljj f~! L k.) J ‘L L f k.) J ‘Z— J\ L L**J f ts. jt Jyf j»\ \J tJ. L‘J 
c — L jt <t—jl L Jf! f Lj J/ ^ f fyi Jt> <</ L*v/j j\)f^\ jt (jU L) Ll L L f 

jL Lf L)) Jl) L>f )<) <S) f! L c— <-/ y j f* (Jl )Ij j)\ (j y*! / )P.) L J! ‘f (JJ £. c— ff 
Jlj» L f fi L M L L L) (jL* ( Beta Decay ) btf! LU jt 193 1 L ( Wolfgang Pauli ) 
<</ t ’st J?Lk/l jt J! }f) j)! Jt)S f Jl))j Ll jt f\L! \). (Typical) sL i) L j£* L\ <J f Ltj) 
jt Js!) /1 L JjLk/l f </ * jU <</ fj /f fJ L jL'iy f\2 <L J'l </ L**rr c/. J\ jf\ fz 
<L\p L*r? [/*{? <z- b\L\ L Jl))j L jf’ <l (jrr f c— jtiy Jf < ^ j>! <sl~ jrr Lf jL'iy S J</$\ 

Lty jyir f jf~ (jyir S j ft L * jf jrr f f jtiy S tj>/ jt /\ jtiy S fi> L f\L\ 

S jf\ £ </ jj f / <l — jj S/ Jf f jL*iy jb Ly f f / jj yf. L jL Jt> <</ S'jj) JD-J / jL*iy 

cLi f f f y f/\) * j)! < l ) tf) /jfjft/ J jL /, jiJji S i/ L Ljj J! L** Jrr j\) <z— )j. 
******** ' ($ * 
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jJ f y ijjljj ijl /> <<c_ s)l j ijf \J!~ (J'.iTL* Penetrating cj/ S ijl 1 J Jfc )P.P <^!jj 

k) j ijjf l j) Jl J)j ^U) * S / jJ! Jj L- (jt jt> & f b) jf ! »^L y t Ty: Jj[p Jj f 

./ Lj ft / ( Neutrino ) 

c— )j. / Jt/ jf\P >/* L— Jf! Jb _/ jJ J J S P J‘J& / <L — jj J'l J>) J'l jfl 

,<c_ S ‘zf S k.) j J)l c— j£ Jl ‘£~j Z_Jj LLJ 


JI S/ p P 3 “r - (J*U- f Jf j/ f <s/ y <c_ Iri i^jijj <Jb i / ' '7 c— J/ /> 

/ 260,000 / jJ I /9 f l// u-fj Zl <£ / 10 /> j*V Zl // / ji j/k Jr* j/ W"/ 

(/ // S if )J (Ji jf . ‘S i— lf >? /w <^/ / l/J <// (JJ>w y 2 _lf J) <!—) jOj S )f (3 /* 

je J/ / (/j / 2_j Jv iT) j S 1 >-=/ S ji S L-j (Jv (J^ '-/> tx / S S >-> /*> / / 

) l/< l/ <rA ^ls/ </ / <=_ (/ / l/ ( <f- / /1? /( l=/ j/ <_J <(j/ 

>D*> / <i — /3 (J . / L~>? j/ / <=/ (j/ S Jl »>/ f Jl ) J Z_/ <^L / <^IA (Sub-Atomic 

<<^_ (3* wLJ / j/_ <^/ / c/U c// / J< ls/ / J /l/J f 2_lf.tf y <rc/ <c_ >D*> S S } J 
S ji ^/ lT ( jyt’jy j)i (jyj //j 2_jb 2 — / / )/jt ( Particle Accelerator ) J>J 'tjl/l (j JA 


(j>f bjLv / (JbvJ/ <C_ <s/ l/J (j/ 


2_Jb (Si jt JjL/i ft <^1 TbJ jJ J <c_ D« l/ <r_ c/f 7 (J'J »>l/j /) i-j/ / <^/ / c/U (j/ / -£/f 

/j>? ^ </^* f l /< f (jif l//T l/ (jL'jy (j/ [c/ </ / ^j (jt </ <c_ (jtiy ^/ ) /y j<y/< 

^JE(jtJy E — mc 2 jt <Jy*jli Li JJ J I <^l f j)j )P.) j! tf Li Jl? J jjJ S k) j 

♦6 * ♦ 

(/ / L <c_ (J y L <2/ / J/jjf /il$/ /* f lf / <2/ / /^* l/ (jtiy )* Jt> Jt (j)J m l=/ 
JjyfT l/J <<c_ It/ls// <r_ jDj S S )J o) f !yz m /^* ) Jl y / /" (j/ < 2 / (//</ ‘.tf/ 1 <c> 

.(j/ c/y <_/ / /*> / / v 99 y 2_lf (/ (j/ / >t/ lTl/J / / <f_ (/" 

/ </J S (Spin) j\J Jtf J!/Sl J) J (jLby f (JJ/jjf <<c_ <^_ 9 / / c_A jJ f jJ <c_ <^JU j)! J) 
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) cJO 7 j\jtk (jl. s\j jf << l— j L\ jt kZslj) Jx? JJL jjjj/ j> l </ (J>? jtf j\j 2* S ">f ‘Jft L L 
L\ cJO 7 (jiiU <L_^ (jyi? lT (jtiy (jyi? j>\ <</ \Jf* Ul\ S ( Angular Momentum 
jf\ f\ ^i ‘<z- isf L 'si f A fi) S j?L^yi (jiiiv <0. (./i y lr>? J?LkOi cJiOZ »-0 <_^> <<£_ (jyi? lOlz 
(J^l ^i <0 Jj J )\f' jj)> y <^_ jt j <~C\ )[f £ j\t)j j)\ j\ /S\ <L-\) L» ij^ iLkyi 
y Jt jt jC^ jJ\ <l- <-/» jCi jf L j\)j f\ w^v j ’/)> ‘t JJsi S»^jf L j\)j ')\f 

j)\ J! /S< jt <zsjy* if f <l— jt j)» ctf JJt?» /° )i f f L? j)\ L J/f jf* C t—/>) jC\ » 
* j) i L-J Lil jt f f >P.) L J\)j f\ ft ‘f ‘yi jtf /y. L ')f L J<)j ')f f L t Jt>/ 

L j\>ij& f/ f ‘ir jfi^ c/J y / Jj'. L ')f L <£sijj j)» f jf t j\ S <l- if <J f f } 

.jt jji L Jl Jl—/? j)I tfyi jt c/ L 'l jf t >> <l— jt cJvi (jjf 

c^O < 'cJ-^ ‘j° JjJ f. t <l~j> ji f <j J fj\ f \ L (jy i> ‘Z'f’ J f J-i) tj \/ 1 j\)j Jt> 

jtf jJ f I ?" Ljf L- jt ji t> S L j>f <J\ Sj L <l -> l j>\ jf ji /Si jf f l f c/. 

y ji L (jt S jtf cA f f f Ji> ‘L~ fi L } llS. jf Ll <l—\ S l- * f Jjpi 
/S\ Jj /f i <t) -j> / t Jj j) if jt i — S L>ij> y„ jJ (f/ c—\ jt itf f jJ. L i — S L>ij> 

if fj< / L<)i t J\ Lj> L fl&i <-/J L f'l/.i '<L> >Pi>i S Jt Lyi <j/. jt j\J* »ij j I ^ jt 

,<JL- fi 

c 

llJ\) » J I ‘f S jtf Jl> JlJI jf jf L>> L. I^1987A \>) /J j>\ <L — <\j»>Lk.) jjtjtt)\ tjt 
L S f tj"j <l- <j- / <L S j)ijkj <S Jl> j/jS f <Lf jf L\>i / L (jyi>> j S f 

.Jt "L-S. <i — J> L k.)j <l- bi 

jS S<^jJLj r 1987A \>) /J jQ </) J^NewuJ^ ^NOVAJ^ jtlijf 

- t-jSL /■ Jji yf J L <>—jJ L\ y L< jt ijjjy* f L\r> /> Jn? L\ * f \j> L 

c— jLf jjlrc * ‘ < l- jLf j js£ tf L j» JO jj) j\f y / L l— f \j> j \yt j\> / <>) / 

f cl. f \ Sf jt <^f (jy? <l-\ <(jt L f”jLftjj" f jff Jj ^ <l—\ S </ L>) j \ 
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i/\j L zl <^C c~jJ tL <L 1 (j"i <<^_ C^if uCfj \jt S <£±„j <c~ 1 i > j t-Ci Li / jj 

\J\ Z \7 & L~ jjij ^if LLh/i J jJ. L J> L cll jj S j£~ ‘f~ (3* <^jj/ S j/l? 
Jj S Z- } J 1 L jJ i % * L Jjf i ‘</ J* J j/ L jt ji jt Z_lf Ji <l-jJ jjf J> jt j\£f 

/ Jf~ U ^ /* L Jjj> f Jf\ L 'i f Super-giant ijj bjJ iJb JL L L L t'L ^ (f J 

. Sanduleak -69° 202 L)fj jL (f~ \J [f' / fj'l <J bjIj 

Fred ) J[X/ jt LL> L /j S L% S jj^ J> L<^^/ ‘Jj l~jJ Z j L-/* Jl 
Margaret ) J// <LcJ >L jjI ( Geoffrey Burbidge ) <( William Fowler ) JjH Jj <( Hoyle 

cl~ (jjj/l L Jf< ci- 1 Tjt jlgjj <jL L- Jf! tjJ i}J /L L f/J * </ % L ( Burbidge 
Jjj> j/ / JjjJ fl/ <L~/ jj ‘</ tjij c— Jl c/Ij ijj\r< c— j/ </ tjJ tj Jjj> <</ jjj/ L?!j 
j'i % jjj> / </ * LkJ j/ ‘ji j/ / jji S/ yS jt jf! /ii b / (jr~ </ lr i / jt ji //) £ 

Z i/i L %j/ / /' j& Lf c— (j / <l — ij / ‘</ Lj/' jt j/.j j<? SL* Lifi L (jyy 

Lfj l/ S uy <i>L L jjj »i^ <L~ j~! * y Jj <^j j&\j // j j\ <-gl^ Z jS uC 

jt JjjJI L JjjJ Z </ g L?J lTl/I y t'Si j/ / /l jQ ‘L\fJi jt Jj/ 'jjl <L-J / i jlgjj C— 
.</ Jj k/jjlr ' ‘ / %% jlj L — / /f i-Jlf S »*l >[j bLc <L~ L/ jj/ f j/ jsz JL 

iru iJj'. <zsj>7 jjjj f f j/ J ! ' L j/ L> (</ jZ J tjf Zj / <^77 jjjj L ji jji j[j L j~ 

J^ /. Lj! jj! ‘C~ 1 7yi >*/!$' c^lj Jf L <csj!7 jj-jj 7. c~ L~r? j Ul jt jij L j/ j jj’ % y c~ 
Jl / f~ wL j c/. L J! j[j f j/ jt / / L l — /L> ‘</ tn f / j[j y c~ IrU / f <zsj!7 /jj </> 
(J*l/ {}// <Csj! 7 * ‘C~ 1 7tf j/j j/ £ j" Zl) Jj i /l (£ <Zsj!7 /jj (j~ ‘f~ »->Lv cj. <C;j!7 /jj f 
) Jj'jC tj c~ I "Zif (jtiy ccJ (J'lP \}Z/ 7. jt y uij L S^j S L — L L f ‘f~ jtf Ij*. <c~ 
J! c~ (Jlf ji L? jy. £lj 7. UfjJ L JjL/ jf jj ‘<z~ £ ^ Ly jt L /jjjf\ <c~ (Fusion 
S L — \J <Csj!7 jlj Lsz L U <^_~ Jjj} ‘C~ (J* <Csjj/ S <^j!7 cjjj Lj! c/. L L Li i I? J 

/h jj JJb L — / 1/, (jL'iy jjI c~ / Ln f /’ Jj JJ. L / jS </ f / L/ <Z Jj JjjjZ 
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j »*< j»\ </ (jlfr? J»j£ (jb zL <^— »1» iJrS J'U </lf //!,/<£_ t*>r ^ <_U* flfj? 

y <^L> »>£- (J^ (/ I <-<£_ l/ 2 — 4 >— 2? t/lf <Z— £-/ J~ 'T'iJ 'T'f li*-’ 2 — J <— >*lf 

Jl\) f / C/ jt fiU <^_ jVl jL <r- wiL/ S eJi)/ ylj’j jJ J^ j>I £—1 1» <</ t ‘yt oJj 

.</ t“lf fi) <-c/ / <£,U </ Jl 

<L- Jt-" jS JA J)f Jf » t>) j vli I l/ (j>*> (ju) </. >!>>* (J'* (/ cf')jjj ^ 2— 2/vr" /<l> /L6J u/f 

£> fjj 2 yUJ <LJ ^ »1 <i> (j?rr Jl> j)J'‘JC / S J- — & (/!** i/l Jl ‘SS (jl/ J- 

(J^ I yf <L— l>j Jf \ 2 J\ </ L * 'fjl jf J£l tj /J f~ J/ jf' bjJ (j/ ‘(j/ <^L (j/ S LJyf { [f'\) 
jj (jtiy o)l j J)\ Jj if )J o)l j J)\ eL—j 1 . o)l j o) ~f)f Jfc 2—J'j7 <Z— Jj£ o)l j J^ J£\ tj 1 — tj (j j) <(i~ 
(jj a>2 [f' j\)j S Jjj jJ\ </ J\ j)\ <l> f/ ji) o)l j y jj' )P.7 jt j / <r- j?) S o/ o)l j ‘Jj 2—f 

. 2> <L~\) j 'j 7 j7\ <j Jj jj jf ) (j/ cT jj tj <l> y\y </ J7.jy jf ) j jj ojJ ej2\ D> <<l> 

<L — tj y o)l j jt Am\ fr? I / JfJ 2J Jf\ 7l)i j J J J/ y jjJ* <j l — tj jjJ ±jf\ dJ\ jf \ 

l/ J’iJjj ^ <<l> <— -lL l/ Jyf? ‘ j Jj Jl <_/'* 2 Jj <J2- J 1 ” jJ J' )jjJ\ ‘Jj 2—yi JP^ y j' ) jjJ\ 
f yi cP^ y, jJyj » j»\ Jfi)y » 7 <L~Ct j~f j 2 <^_ zL </. ji <cl f yi Ji)j <-J\ j~*~ 'j 

(f/ <^<-/2 (jtiy &jj ”f*f " I/ J// 4 ‘if' 6»/ yi jt J2 Jf J)l Jt ojTjy <L—jJ « 1 L 

y <£> o)ij ej2 je <isj\7 mj) 2 j / j c — tj j\ jtf /ijj jp\) 2 (jtiy y jf ‘<i~ j%/ 

J. /J X) j)\ (Neon) jj ‘jf j jj <z— <£-lJLL/ >/* 7. Jt 2—J J. J.j 2 J 'yt <zm)J fi J~f j <j 
k-J * ji u^lJLl/ (Jl j j iJL /jjl* j </ f yt j)j jJ l/l <isj\7 / j ) jt j / j <l—jJ L-f, j2\ <Jj Z-lf 
iU f y: y / <zm / \ j 2 cf. j£\ ‘</ (jlf Jt, jyi y f \ (jtiy (jb iL <i> J ' \7 <Ul / J$ ‘Jt Z_ lf <L_ Z->r 
/ jj^A jt jj A J2 ^L> jt Jyj 2/ jfy <LU 7.\ j L — tj j f lf T j/ o) j 2j </ f lf 

<L_ y/ j7. j jt y. j J\ ‘</ (/lf j) j/ £— jj / J)jJ\ j <L-jJ y„A-/ Jl ‘Jt ffL ZL> 
Jj? y> U 2 ’/ l/ <i — /£- (J^ (J^/T* < '<f- (jlf (Jv j 2 j)y j)j jDj j ‘j j j' J2 j. <£> Z 7 / <jl) 

Z/ Super-giant L/* <£>1 <^U6 J/L y <// Jf\ “/ flf 7 2k jj p\2i L—jJ <L-j\a o) j j </ fl <?yi 
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■u* 

^ ^ fiz lJj JiXtf <S Jt ff f- ju S (&' L*t > l/ o?~T j iXtf ^ ^ 

l/I J>? «1; <=— (jl*iy (jb i/vU <£^ (J^ (_/l (jtiy >|/>j <£l (Jj^ <£^ (J"jj (j ^ /Zf Jj) c— 

L 1 — L lljI/ >/* ‘f / ^ <l — J <_>?■ <<i> Jif i flj y <^_ Irlf > 7 1/ <^_/ yj* l/ tT^ <_>j 
\j Jyf > <l — kf , <C ^&'t | 'j* \zf f <-£) bj & cj) \jt <<l_ irif <i-/ lL iy <L <_jl? Jt y (j^ (J*ir 

.<s_ tu f JL t?L. k f (jily <L_l <sJ >IJL vy <^ L">f 

6 * ♦ ♦ V ♦ 6 

<£l J'Ly (jjTj/ <_j y yj* i/ <^>y i / <: — j <<l/ (jy J/ 2 ^ S l /i < ‘f- 1*>? j/f c^/ v»( <l_ It^ jJy <^1 
_/ <l_ tf v^* (J* l yt j/ L . 1 <_JL/ <si yjJ ijT f jL lJIjj 1 . ijj) J ) )/ ‘C& f 'jf t js„ llj!S Jjj 

Jt jr. <^_ <l_/ (_/j <<£_ (jj <_</ <£l lL\X S jf j S f / 2—\? }£. f )~i LL jt 

f~t f f tyz J. fj <^_ JyS? j J/ J f / l — J Jf< f yi <_</ f J jf~s <_J1j Jj) ^ if ft 
(j yz Jl/ jy* * Jft f/ <_-> <<l_ I "yz tj£ /J f » J/ y >/ J/* ^ <l_>IJ /L/ Jt <(jt jLj 

>DJ S xf j // f jt/ (j^J wL j jif) L jj~) ‘<l~ tfjt jt <^_ ijj o)i tf )f)jt L f / y <^_ 

.(Jt (j>y^ CL- jt <L — jJ <_Jf f /i 7 Jj jyz I/. l) L ) jl) <L- <L— j'jlL Jt ‘<L- tf 7 <!—f/ L? £L- 

Z_l>. Jt)j f J (jLJy j)t Jt yLl Ljlpjt Z_lf ^J j)I <l_ L~y^ cl- /) S Jlf j L—l f / <j> 

c— f/ Jt <<l_ Irlf J jf t) ll/. J)t J. f f <c— Jt)j f/ t) l — J jt> (Jt Jyz JjJ k.)j j)t (Jt 
S <l — J jf jf <_^Jf f (jL*jy Jt ‘<l~ jfjj If/L f / S k)jj)t (Shock Wave)y^ L\) 

j)t c—t! f tj (f )j jJj L JF.jy' jf. i) ojJ <_Jr j)j J> <<l_ (jlf Lf cl- L/ ) i}fj Lt J) ))/. 

.</ tjyz JIZ f* f J: >1/ >T 

jyf < Lt <l— jZ jt ‘<l~ 1 7yz jI jZ <l~ » L)t jZ jjy Jjt Jt) t)j /J ^ jZ jlff J)t J~' l — X < 
Jt ojZ~ tyz IJ o) ‘l yz /X fjf > jZ )f.t tj' f (jrJ 1054 P. J\j y jjJ J / L ijj j)t <^/ Jt) 
,<l~ L~lf f ) L <l- ft L ( Crab Nebula ) l)yj <-cf cJ j) I <l_ L~ J f llj/ 1 S JjL Jyt <J jZ fj. fj' 

I 
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£ jtj <)) / Sl 3 ‘Z'js f jjt-S ^ <L 3 iXf S £.)}£ / 3^ / (J>/ i— Zl 1 987A bV yj 

j Si i S Jl' {jjj jy r* J)\ c jtj jVj jTiJ J irJjtf Jjf^ <^ 3 )f 6 j a 

<z— jt iji k.)i£ £jj~) (f Sb S i <z— jSf jijj jv Jj S Jyz l J? f Jjj > L S jf\ <zl- J> J / ‘lyz 
Li lli)i ji <U i Sjj f jfis <l— jt ji L- jjjSfji / Jtlkfi JHjj LL jf\ji jji &i \J~' ‘jfc <i~j j’J 

.$ ij'i jt 9 1054 S Jf <Lj / z f- j’f jt J L-\/l nljj * S 

<S S <l — / j /i j/ <S} / jfi jf <1- Sj <iS/ f ll/ iijj^ g <S S <l — s ij) /f S <L~ LMJJ 
(jfj <S S Sj /* jjI <L~ Jjf | 'ff J/ SjZ LSl 9 I 4 <L- g / (Jl'iy cl- f / ‘<L- if !')i llJ 
Sv S Jfi <L [f' S 1 — f Jjif (jtiy LlJ{/ m S <L- LlI Jjl * ‘Jf LJfJ'i tjj / 9 >t JJ LLifiJ S Jj jit 

jfy ffjji ijjl jfi S- f* if L—jJ Jllfj f /ly jjJ <z- ll) <l/ f"->£ >^l S f Lv ‘Jj ”<L-jf Sf 
/J S /iff <S jS' j)! jf.j^ L-ij <L- jt fi/ JimI S ijJL' j/f j£ // * < <l - (J yi jt S/ 
L - c (J* Jj S- jjjL (j* <lLi Sij Sl <l - jj) /f <L- / jj <S <lS / jji jfft L- j <k- jt <S S/ f Sf. 

jj! L- S /ty Jl ‘Jj (JU 2 f <// jtf 3 S U ,J L J, l JjjU f /Z' Jl jt JAJ Sb S l ‘Jj 

ftv / jS <L—jfi ‘jf'l j)l jf.j/ <i)i ‘jfS jf* L'l jt )/.) S f ( J ,J S L~ jtj jM S <L-/f 
j/.A ff S ll/ 3 JjjJ J! J jtj jfS / 3 f" j i 3 Jj jfi jj S"! <t- — J) l S / jH jjfi 

jt <-Ss 3 f’ <t- — /j p.j! S LL~ LlL <-S S~ ‘S fyi S LM S I jt )/.) f S JjV P. <L- 

,<l- fij i}fj 3 jjjJ Sb Sifjc tj/ S jf) bj jf 3ff 

3 »*! Sf ° j jf <l~ Irlf /3- 3if 3 /\ ^t j t»lJ / fl ‘fcfjtf olf y j jf S^ / ' <l — /J jf l)j /f 
jt f / /1 y f ‘if jS f. J S jt Syi Sf / jjL" S ifl ‘<l~ Jj )/./ S & f/ Mb 2 — / S f 

S ytfk / <L-j€ Jii f. / jft / </j )?./ jt /f 3 <lS Ji)j£ Si * ? yi V \S t»l Ix Jjj' <l — M 

fz jl/ Sl (J/ jDj 3 Jl ‘f 3— SjS jf’S <l— j/ l/ i»!Jf * If. <l- Jljjc S S Sr u^i °S 

jf ‘</ tv jt jf <l— j <imi bjj 3" ijj ‘3* jf j / s j 3s ,j fj j 3t)3sS ‘3* s) } 

<<l- 1 / Syi / Sf Sj: jD’j Sr 3fi J J y </ 1 :f<L-j\)j tLj^Sjjf! wt ^ Sf°j <Jf 3 »*< 
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‘</ (} J>S S J! j)! </ /f 1 jJi L/ Jyt jf ' 7 £-{/ S jZlfi, /\ J j£* S J! 

J (Crab Nebula) LlyJ ^S <L 1 j£* <«£_ Ll^ jj/' l/ (J. jvLJ cJ\/ X <z- &/- Jl L— (JJb 

(JU/* <£l (J'l /1 wl Jjj (3^33 >LC (X /—i /\ ‘T' S ~~ j/f 7 jt J) 

(JLj/ (JL/ Jj> i//\ S l/I >j/ cJlJ/ y t ‘t' ,JJ ^ S J~ 6 A j lS lJ 

<CJ J 'jJf -l& / \J\ J t>j/ L J L/ * b. (jjl/jjf J~ <wL Jy S <i~ &yt ulJ J * \ J)f 

jJ J j/\ j)\ 1 — J if / <</ t"y J)\) {J' b / j)\ J' { JJ \f <z—\)'y /f j (J"* </ ty f/ b) * 

.</ t/yz <_JLtf \jt \J) J Jy J/. J/\ jt J>) f \f <i— JjjI/ <J J/ S [f 

ty bj t> j/J V L b) <i~ C& f/ 7 1^ J\ M <J Jy <^S J ty * /\)L J/ <J c — J j J) J/\ Jt> 
<J J)J J jt J jf/f {jj/i Jj jfj ‘Jj J /f <L — J 'jJ j/ J J 0 J jjf jf ‘Jy J/. j/\ f- L </ 

.j/J^ Js J JyJ ('Ji J Lf Ji 

<z/ iyi l/i ^ <</ j/Z b yM jf / J b/ /J J J\ ‘J/ > /f Jy J/f J l/ /y J/ jt jf/ <J 
* S J ^ y c^L \/S" f J)j\) Jj <!—/ J Jl Lx ty Jjf l/i j'l/i Z J)j t> <L~yZ <S f Jf L J S 
f Sfi ~ S jy/ 1 >) j)! ‘jj J~- J y jJ jS > ' \ » S j)j/ is ‘i — f jf // < 1 — /[}j f i f j j>\ 
jt S / J j)j/ <L~yZ j\ S f ‘Jj zf- J/j <S J/ jf/ J/i ‘Jt Z—\ J <z- jt '•zsf 

f J\p) J\) jSjle f jX\ J/j jjlsi 7 Jj.S/Z<^Z f&yt Jf \j< hj \7 dj) Ci 

.</ jj>/ 4- s i — f t/) / 

f S / L-\ Jf </ \ J L*f J tf f J' iJ f/\ lX' f J J) 7. </ j£* J/ 1 f J)j/ J\) <zS f f it jjy 
ff | 'S / < 1 — jifl J c^lLL/ (J S K. 7. </ )7.y* jt S/ J J\ Z b) 1 j ^ j 1 tSf/ jt 

ff 7. jf j\) jt j/ ij^ f hj\/ ji S/ Z j\ Jt> ‘Jy jtZ niii/ J S j jt j\ S Zf" JtZ 
jS/ S c^lLL/ (3 S £ L-l f Jy <J J 'J c— Jlf <J Jt> <</ jSn>\ / S Jf 3 1 ) J\) 

j)Jji\ J I ‘</ jj tS 'S / b. <£^ fS"‘ Jljfj Jf I <£~J (S S')JJ e-sS <l—\ St </ (3j S J / SS 

J\e I Z Jl ‘Jj (3 1 jfj J S f jt Jle j/f S tyjy St' J JjS i_L3 /) S jS/ 
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<L i /L" i— if * JUT t/l (//'' f j\ a- i/ l/ LJpyt f f. j\/ cjj) (t/ lTl/* 

cL\ f(f J ( Red Giant Star ) jfj/ <-/* vjI ^ LJpyi wlJ 1// ^ JJ ^ J?\s j&J 
jj/ <J% Z_T ji (/( Arcturus >i( Betelgeuse * Aldebaran ‘Jj cf/ L/J. jt jjlyf <L — /1 > (f 

.c/ j & ( JLi? Li <l — j\j tif ( jt Jf lT y- — ftL 

f Jf\ A- /( ‘</ (jjj k i)\p J&\ jf (J/ <jf. <J—\ J J 1% ( Jf\ jQ </ fyi \j& t/ BjJ J / Jrf\ 
\yj ( cj\L> / J>jJ LL f /. Jj (j)f . 'jL) jf j\g j/ ‘</ Jyz s)l j Luminosity jl?*l L" 

[f c— Jf\ yt K> f jt j)iL if [}\yi ef( Jf\ J)\ ‘LL Jyi Jfyi <_JU J \J\ jj/^ Lf of. c— f\ Jyi 

jt jf jf \ (£( / J))L f L~ Jt jtj Jjy jt L 1 iL yi £_J ‘ifyi ifyt ->L ( c__ c/L Li 

6) f S Jyi jf $ I (J^ uLlL" jf jf \ J Jjy' ‘\f c. / (/* yO( >./ JJ (/*" /~ jtj jf df L~ L~ 

<_</ )f L. jtj j)\ t yi L>yi <-Jic i}\yi eff J}fjL <//tj\/\if f) i}J j<zf/ f ftj 

.fyi cjj/ f <\L <-sj 

± L fjJ J>. i/ f J)j)f ?. </ J£ j&\ f L J)jJ cf Jjy' )/.) \j\a j jtj 

LL Jjy </> jf <c— (j(L L iL yi cLf j)\ A jjjl LL f/j / * ‘Jj 2 l — t Z — L Jj\f cjj\/ j)\ 
6/f? f \/ L\ L f/j f c — tj cL\ ‘Jj jtf j\} j 1 . |'*i (f/\ * y c~ lr( J/ j' L/" ( f/j S j)jf 
Lz~\ ‘UL (3 1 uf / tjTui jt orUb Lf j)\ <-?)j L J\ jt if\/ {j/\ J\ ‘Jj <Lyt fSf. J f 6J6 Z </ 

(3 yi Jjlf L f / L j)fj\ jf f (f~ <Jj 2—f'Jj'L L/ / {j)fLL jf L jt j \/ J\ <L fi-UA 
jt )/.) jf' j)\ j)ft ‘Jf.j( j)\ yi J& (j' jfL j^y. f j, j {j }J j j jf* j£ <4 ^_ 

jt <\L JiU J)/. I 4 I ‘f <£-J 6 /j ~J> / JL J/ / <L — /J 6) S <—■ 1 (J~ )/-) (JUV /. c— if l /( ‘L- \ 
.</ I Tyi <-f / c— ff '\ j)\ Jf'j^ / </ L~lf 6J -/> jf/ <L/ JL T </ t/ 6jf j/. Li iL \j\ c- j/ f 3 ) 

L'lf ji jf[ LL jff ( J)jU LL 2 . d L-\fJ) j)\ (L cf jI/\ r j/. <f jjfc— jf/ 6/f? Jf\ 

c— <L~yi f\ f' I (jjy' Jc<-y> c~ ifj (JjL Jt J)) J'l j ) I tyi y j/ L/j <L~ ')\f * <c— I Xyi yf 
Ji tti S (/ <L~y( jl L-l ‘Jj L-) f ( <L y. jj j/ Z j\ /Lyi jfi /y. <L <l — /U 
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(f y wlJ cf. c— ^ j\7 jjjj ^j\7 j?j> ttj if ij\ f ■ ^ Ut CUl f <f * &/• C—i 

.Iri jt i f L*4 jJ^ }/ cj jtj J?. {Jzju 

t {J\ <t £~j (Z Jc Jj {jJ (f Jjy‘ / jJ. / Jf\ \J L\»f jJ {jt jA J ’/~ A J Ujf ^—jU 

/j J'u jU\ J\ J <z;j\7 y jJ /t. djIj 7.\e L {/* 7 / f \f . ' * f tyt J(f l J\ 7>. ij$\ jf 
{jt jU Jji^ P. jCi Jjj (jfiJl J— {J\ tz~ t> /j / <f JjJ<. jf.\ iJj (JlXj ( jXI / Jf\ / fj fJ ‘t 
<L it f jj ^ fij t L-\? ty \J H yj\ c^f. L yj\ ‘£l f& iL** f & j\7 Jsz j\ } yj\ yj\ 

Jyi f J> * /~ ‘t t—\e ( J> {jt tL—ii (f /\e f— f (J* f * jU. Jl ‘tf I f fij U jCj I J 

.( L.L? (J. ^ J\ t P* »U <L~ (j?i iffyt Jjt 7l)i Jsi 

♦ w — J M w ** ♦♦ ♦ 
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P. M f Jj jf' \J> <</ jff | /t lfi L / c— jt ji j)\ j% j&\ ji <l — jJ jf y JL\ jt j\$£f iJjL 7 
yt jl & L (jyiT L—/)) f- ^f/ / <-/ * ‘<f- J*i Lfyi ff )\ J)f <-/ <f <-/ l 3 jf) f <l—jJ 

.jLjyiJf r j£'jf*l t <C-ij' f J 0 A) f 

<l — J <L- <J>J jJj tjlfj Jfc 2^yi jI& c— lls* <l~jJ J/ J^jf • <S <i~j j“ > [f' f IJ L <l~> j jQ 
2—Si <jf\ J)i <JL </S <</ [f' jf £!& Ijii jt <jJ\ jt jt Jssj L 1/ J / / LL- jff ‘Jj jff'f 
JjU.I if JsjJ sJs^s 1 fy <L-f js\ J2 2-y <jf\ f ^s )f<L 1 JJ <f\ y\ /J <f <— Jl/ ‘Jfc "JJJ ‘Jfc 
f Jjs\ < < / Jl f J/ ) <f\ J ji\ f JsjJ jt ( Constellation of Orion ) -Ls /f Jl* Jjs\ ‘Jj L-J. 

I /f £L- jf js\ jj J \r/ ‘LL J \y/ <f\ f jtf sjJ </ t* I f /°) P. J J \j> ) L lf sj jt f / <f jf 
Xj\ \ f\ LJf< f if SJ i/ L Dsf Jl *-L> ‘Jt Lf f Jyi L-jJ <L- jt jf ll lr>t JlL /. c/. 
jf b) )f<L 1 ji Jcifi js \ JL jt L-/ Li L~ ff Jj ?. L- \ f <l — /J <lL\ y \f f jt (f sj 

.j fj y? jtf i <L- j^ f )?./ )f js\ 

s) jf * ‘<f Jj L- <l — iJ <L- jt JssJi !/ J/ / LL Jlff ijjlt: </ )P.y* j\jJ ^/ly f jf J?</> 

jf f~ J)\ ‘j jtf L J Jc jf'\ £ j~ L/ )/.y <Z— Jj>s <L- LlLL jl*\ y jf f‘l}\ jt )/) CL- tj\jj 

ff js\ jf (°) <Jlf (j) /. jt f \/ J y^ LL fjj f JsjJ ‘JsLX\ f JsjU ‘jf P) \)L yj P. </ ss 

.</ ifj (Jj jt )/.S £L- jf i—/)) 

I 
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j\r* j>\ Jj 2 ~/ <l — /i > 2 — </> ‘if s j jtf ( jj\? Jr llj, ))j/ i) Jl/^J ^L ^L f < l~) L (J* 4 »JJ S </ /■!]? 
/" c/^ (jb 2_lf (JL (jU*yj (J_jjU- L JjvU- (Jj si / (Jt Z_U (jL Jj? tJ^: L l /£- (JJyjjf <-i_y J>? 

^lJL j)\ t % iTif J\> J J)j i> y)j y)j ff o)l )£)> c— ^isft—iMi ‘Sl J 'jf ^\) mj f l~)1 

i f jJ jJS} <L jS f) 2 —jJ cm J \/ L& L Jjj (jj <-/: <l — tJ £ L fl\ j/\ S JJpyi )S* 
L Li j/> j)\ 2 — f\ J7 jf jJ jfj i >J f J)jJ Jl/i j/f j)\ <!—/£ <z— <-m ‘S J-Jy j. iJr jj? 
,<L~ L*lf LC J J /. f L\j Jl)JlJ Jf\ SJ L LlS 2> 0) jf j)\ CM' tJJ jfj ‘L jff Jj jf jf jt 


L/ jfj /. f y tS\yJ f JL\j ifl if f J'jtff J /)) J f* <-)f / jt f J y> ll^) S / 

/tii f j)) L jf )j ‘S i_l <?y f)fcL~ jJi jjft ifi t—\ /\)i </ jt> j) j)\ jLt* <^_ jLiy }\» ff <l— 

.</ 1 :y f <L L J/l 


(jtjy jifj/. <~ Jl f\ j) j)\ '-ff /jL'jy SS‘</ jf f&\ fi-j^yf' Lif^jjfJ 

ll) Jf/ Lf* y </ (jT y 2J& jif <-/. </ ll) J/ j)ff / JT f~\ /. f)\f &,} <<l- jf 11? o)ij ff c— 
jJJjjJif^Jby/^J^J^/^J^y / $ \ * </ if y if llIsI <l-\ ‘</ (jlf J. 

j\j)) <L if <^-jJ j> jff jf 2Ji)f j^ / 1 (ji f j <L <L <Lj J\)j. f )/.) <l—\ J\j> <L ll) j\ l — ij 

.</ 1 7.)j Ljf\/i)i j)\ L/jj/^ ^ j\f 


Strong Nuclear) ll) jiff jf^ (jJL f (jb J — lf (jL J/j) <L ji LJ/ )) </ l r^i L f JJ 

l/* J^</. (/ A Li yt CJj y _jf / <£~ \}« ^ ijl’ Kl < (Forcc 

.</ L"L»>. f Jj) <L 


if b Xj if '-y'Sf 'm') Jitf. f J-rt ‘-f J^* {f\J) /i' c— <-/ fL L 2 — f \ JU f ll) S <_JL/ 

.</ jy ff 

</ jb) Jij ^ )fL J l jJ m\) ^ c — / J J) j) I <<L- t 'y i f i) i& Jc J/ f )/.) fjt f f L—jJ 
‘</ Irlf if JU iju> jff \ f <-f< jt <l — /L L Jy f). <</ t ?y )/./ jt ff if j& L f (jL j ))j / Jj /. 


I 
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x/ \j f j£\ L 1 Jsz j). c— Ji 3 /p. <iyj ) jZZ\ jj> ft/lOO ‘f~ f' J L l sf Z\ // / 'i 
)P.) J J £—\ £ jt lzJJ / Jsi j). \J< f/ ‘f ‘Z—\e / (/ Z- (J- P jf A J)\ f L — / jt Jsi jJ. Jf\ 
S Os ^ y LJ, if ‘t j^s j.i ' *) jj. L SL 4 J/ ‘i H4 

J)\ d—)L J/ 1 f 's: Ju»l j\j. Z- J/ \ / jj ' jt jz/ / Jsi Jj. J'l y t—\e \\/ CL- J)) jf J /\ 

.jf si jtf j\) c- Js: /)././ J/ ^t/ (jtiy 

Z- f i- Z JjJ’ Jf\ ‘C~ \j lf lvt*l /j /j jJ\ Z Jsi j). f Jj) jt j/ J"/j) Jj <L~/. J)\ S) / 
C—\ / j/ l/ Z Jj)) J\ ‘SZ f. )/ Z /) jf\ / j/ C— S" (J^ Jf\ P. CL- {f[p if >*L Jj)) Jf\ /J 
Jj\ / jt c~ t/\j<. jLiy ^ y t/ cZ/ /\e / i— jj) ‘C~ Zie ij Iri jJ\ Z Jsz Z). Jj jm 
Ix Z fj / Jsz J). Jj) * ‘ (L—Z \ J£. {}) ZlZ /i. ./. J I jJ/ /J Z /) 6) / C— f SZ Z * LLJS* 
Jj) Z J'. JP. JP. Ll) Jl) 1 — / jf /\e / i- ‘S (L-f 'i/ S„ J\ /)\f i)Lj J I fsz ^c) 

y i iL J?t) / Jsz /). f *./> Z c- Zie l& <z- j/ c— 9 )J ‘C— t/ / dJ (jy j? Z //. 
/ f j\ (jtiy / \}ii f //. Z c— J * /p. i j\ jt J\e csjs* iJi?* Z\ / si Z /Z j^ //.6) 

,/si s\s. / jL'iy llS j/ J/ 
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/ ‘—rt 2Llf Jj) ‘<Z- \f L <jf S J-rt f ' ljj» Zsf <Z- (J v f Jj) jt 4-yf (Ju> 

) sjs. £- <zf jf Jj Jj) fjy uJr ff (J Jyz <£- f/ Jl } (jliy f <L~) Jfy jJ <z- t r/ 

.<£_ fr? &>//J (JL*).? ( E=mc 2 

5.1 Jf 


yjy. Z mc Jliy )?.;J jj-\ Z m of / <^_ L & jf Pi J f ) L f E — mc 2 2 r*>lj / JU J i 

6 ** ** 

(\fy <f / /" <-<iu Jr^ J'-IT jL'iy J^ ^ ^yjy* / f" (J , <^_ >L^l Jr^l <<£_ Jr? 

(J/yf j'l/r' (/I ^vr' y ZJ >pl (J/ <<^_ /U / vj I <i^b f jt / (Jr (jL'iy ^ jt 

jlfl ijy*l Jt> ‘<z- tfjjj ^ f f <z— jytJ. /l >1 J* IJL ^jjjL* y <^_ tfifjJ / jL'iy (Jv/ 
jL'iy / (j^u ^i <£- tfjjj jL*iy wU tf y* f j\ f < jt Jjj f- jyj (J f z. (jL-iy jiji ^jf 

•f- (3-* ^ // J/y: 
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Jl 1 — f jt jjyt Jj. yly* fjl [L jf j / £—{/'/ JU Jj ljj/ 7. Jp <L~ 

(Jl'iy iS c/J S / S i~ t Tyi * j jj J/ ft Tyi jif /. /. j)l f ^ (J^ }f £ Jy^ J~ (Jtiy Jj J~ 

ij/ jJl f \J! £i~ I Tyt Jjif’ ~y> S £ (Jtiy <_J ‘i~ C&yi Jj\J ~j>> jf' jf J? j>i y J ' <L~ <z— £ 
j/jyl jt J yi jj. <zsjy* S J)>/ / b) S ' j& £—j S J^ f J i) jj J <z- J/[j y ff" ‘f~ J ^UJ 
L . 1 )y/ 1 ) A~ L~ jJJ J! ‘j} £) £ Jlji jf j)! jIjZ* S (Jl'iy t}l) Jyi Jj\j j)l jS~ f <L~)j <L~ 

jjJ ji ft ‘j) t>j)? i/ (/ ji ji ‘jj <z~j L~ <z— (jVii jji j j)i j7iS)j Jif l/ 
,i~ (3 y jiJ* tj ). <zj- S nf }j\f ji jS <L~ jJ* jt S i~ tS i) j)j 

jt £~j S / j Jj & ) ji j/ S fJi <l)i jtJ*') ‘£~ c/j cji j S jS }/ J’jJi Jji 

ff-j-tt/. j)/i ‘Jyi <i~j j f^/l£ ,* i~ J)jf )) J)! yi jfy < £ C—yi Jyi Jj. L~ J' 

f!& J)t jff ‘<i~ Jyi Jj. Jj S jS lf <L~ ) S li) i l) J-)/ / 1T ji l—jI <J jJ Jl? J JJ t>jJ> 

<z—t j ) I <l~ Jl) ji ( Cygnus Constellation ) j/ f/. I J* Jj jy*t jjf JIj-JJ Ji L—jI <J jJ 
C^lf \Ji) <l~ Optical Telescope (J~ Jl J)) fle f <L— jJ J* i) ji f\L Jl ‘<i~ \f i) fi f Cy gnus X~ 1 
JU lf \f <z— )j> S )jfj ‘<i~ flf UJ ji J)jJ L— ^ J' Ur " <z—t <z— jj) S Jlj L~ J! ‘<i~ 
jif tj6 ir <l~ J~ <l~ Jf i l p. <i~ (3 1 y iif 7 S <Lj <L~ i ji <l — j jt <<i~ jif ufl uJ ^ S</ t’\z. 
jJ. L~ j/ ) J\? ^ITL <^l 7. <i~)! yj L~ <^j\f jl} S / <i -~/)) / y f* </ y ‘S Zy “ f l/I ‘<i~ 
jS- <Jj )7.y* ji J)j!j, J~ <L- ■/ )) Jft <~<-J cj. fi / !/)) i}/j)I 6j\ J S <l~ /J ‘<i~ L~U ji J\7 j! 

l j\i jLiy i}f j" <i~ ”sU" y l / 1 /)) J iyi * <JJ f ji fir < jif y tf J i t/») ») ji ji j>) J /*- 

.jif il 7 t}f \ jS <l~ P* y tjtfl f Jy Jj. <z— Jl <<i~ bjJ J)j f . j)l J / cyf. /•: L t/jif J^ 

S Ji J'i (jyi? f j L y y nS S i — j jif <<^_ cx S c~ &S S / »u ji S/ j)t Jfi 

ji j/t ji jii / f nS f ji j;i <zS j S <l — / / wi ‘ji S l S hS f i — j L—/)) f <S~ 
J! S i~ Ck Zj. <i~ jf t}J ‘<i~ }yi e)i j L f' <iS S jl i!~ Jl j)l Jft L~yi { S l — J S~ ‘i~ jS 
uJ f j. j)t iy£ / }f L S i~ fft) l/i Ji> ‘i~ j’.J. S~ J7.jy (f iS f <l~Jj tf J }/ / l—/)) 
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^ o/ l/i s. if cf' J? ^i-P) JiJ /il J~ ‘£— Jn /*} L tjJ JlJj£ fl\?f jL * Jk <c— jJ 
/j J J / Z' Pi c- <l— J/ l/ 1 /* L't? ‘£ ya l/J ojJ ij\J)C L L*y j/ f J / 

/Z Jf J/ S /;[ Z/ S </ ^j/ J J// S // cl- / Jr J/. jt iL / <L/ jf <</ J/ 

^ 'z/ S L)?' j y (f ojJ lyt tyt j\r* / jf </- / Jjlr* Z £j i}b j/f' S ?- n iZr* JS 6b 
/\ / j>i ‘/- / /j’! / S ji L- Zjjip* Z (jiir [}yz SS p. Jj/ /j f/* j/ /- y c- Jv 

JJyi f LL I /jl? J/jf c / j)l Lf / Sjbj; Z )i) [}j\f Jl d S r J)l jf 1>*I / / / J—jiP 

jJP cl- ll^J! f/ J )J J- J\ / J! /I f // j)l ‘S r o)l j <z— jDj S S oj j\) j S Pol J / / 
,<L- j/Z L* ijZ S Jyi Z/ J ^iV J / <L- Jr / ijjl) Lc\f/ j)l J) <^i/ / o)l j <3— J! C- 

/X-1 £L~I ‘f- S f c- /J J)! j/i LL)J j-jy lM J/) S Lx 3/./ LS yijfij X_1 
)P.r y J)j/ ij P^ fj! / / J J/ Jyi JjC’ c- lljJ »lc <L- yj jS\ <c— J! J J Zl) A- Jl J J 
C- f yi J llj/ J! J/ S) y S j/J <L — J J~! J! <L- )J. S j/)i ij/ S— J-J. ‘j L— * 
S c— jVi? l>*l ( J!j/ (JiL P / Jsi Jj. J! c— j/ [}J ‘e—Jf U Ji t iyi / Jyi Jj. J/) J JJL ojZj, / 

S ) eL— j/ j/ S Jx Jj- j/ f S C — J J- </> ‘C— t/<-s)f 9 ) L C— eL-jJ L J! 6) 

jz j/f jS S ij/ ji c£ J/ j}, Jj j, i / f J-Z )Z Z— Jyi Jj. f jsl Z— J)Z 
j'c 6)1 j ll/ S J~ ) Py‘' J) j / lc \ 7yi <-l} Z- Jyi JJ. P- ( jk / ec~ Jyt ^ l» S ' J\ ‘f 

/- /( ‘S L—Z Sf Z S ( — Z ji) Z j) jj\)j Jl (Viscous Force) ll) j-J J ‘C— t/ J)Z c— 
Lyi f jZ j)! t 'yi Jj /JtlV j/ J! ‘S c — Zjj\) £ l — j J~! /./ )j J/ c /r )/ j / y jP 

.S L\f Z / Jyi Jj. 3* / /- J))!) / / jyi 

j)i llJ/. (ji^L^* //</// L/ Jj / / \j) LL)i) S /yi )/-p Jyi J)- / x-i jf Jt> 
Jh ) j)l (j /. yZ ‘C— /Z Jfr ( j/ i\fi ) 6)ij (j I) L- yi Jf j! j/ f ‘Jj Jf j jh) JiL Ji/ 

eC jo JLLjZ JU (jr \& eL-/)) j </! j)! X~1 jf jP & )/?)*/ L- Z j) C- Ll/* 

.Jj I—yi /5> LLi'lJl jy Z— L- yi Jyi J). Jj / J! c— C-f J' /^ 
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j i>/. f /r d 1 ‘U2 Ji U~ i>Ji <-/. (f ji\ jt 2L L JJ f / S jjy Jj. ‘t—'y. 

J)j& jt J)'f / £~ J>\ff \ji <jft /_/ J\ Jy fj. (Super-massive) (f jt 'f / f J>\ff 

jf I </£ Jfc 2—f jlf>l 2 <L)J fjfj'! <LjJ ‘<L 0% Zz ( f )/./ f jJyz /J. lLi l elf/ f 
jS (f l jS Jf) S {J.l if (/.1 ‘<l [j ff > Jf (jj f" j/ J’L 2 /fJ' S/l j>I jf njj 

<s/ f d\. )/./ jt Jj) )f J J/l <f <^j\/ JJI /jJ <L 1 JJ j)l <zf J l ‘<i~ jf yt /y. <L J/.jy' 
j/I <L Jl <■<£_ JL' Jf. cf jJ ( J '/. f j/j J! fZ / >f J)! J" — J ‘JL 2/J j!? f 2 — f 

f fi/ <L 1 j)ff/i <L ‘i'f* ‘L jft/.f jt {!& <L jff [jjj j '/ ^ f l — f L eL~)l 

'/j Jf~! ‘J) / iL S £/. J)! JL (J ! f (3 /S' f L-/. L f/ff ff ‘Jft 2-fljA <f L ji/l L J)J f / 

(L—j'. <L-t/. c/. L jf l if l (f t> S j)\ff ')f‘ l- jf <jj jfjj^ i'J’i j /v f (Jiiy j)i 
ji/ jiji ^(jtiy ( f~ L- jt ^/1 ji <jt jyt <L Jj SjP jf . u j)ji/ 1 — /) * <jj z—f i — /) 
Jj\L l <Ll 'JJ! (Jl'iy /s. L J)\ff I J)jl/ ( Quasars ) j/lf / L\i t»L ' c/. /jJL j£* <</ f' 
.J$ SL l — iJ/IL, ^ L 5‘ /) S l'J. 6f iX 1 Oli / yt jf !L. wli <^_~ Ju- (jjj <jLl P. Jft <Lf 

<l-L. l-L. c/. j!) ~jj L (Jjlf j( f f'/l Jl Lyt 2fL l ljj (f I f L Ju> ( JJb lI$ l~ l/. 
if I) jt yl ffL L Jl <Jf 2lj (L t»l j/.y* jt Jj) )f<Ll * <Jf 2lj Z~f )f l~! Pi J& ijyt L(. 
,<l Irlf Lf f if <l J)jJ l~/)) f L <l Irlf /f f yt L-f si /j L ^jJ y L t)jJ {f Jf iJb Lyt 

LJyjj. lj/ SLJjlL jf (f jj i&l t»l ^ / Lj <l>. L/. J.yLLx-i/ 

" V ** | v ** ♦ ♦♦ V 

Hubble ) Jij)) if f (f (j) <Lj/ jt 1994 (f <( LJpyt j/ jt Jl Jj Jj j)i 1 1 — f J)f)f 
,<l f L/) jf /f Jj A* f f <l (j/ jt f / L M87 J\ff L ( Space Telescope 

L jf L Jyt <l! t» j)l <l Jj lf jf f Jyt Jj. f yt Jj2 (Jl'iy t>U<L <l Jjj (jf J! f <l fyt 
jt lj/> i — /J L f J! tytCif lJ- ( J)jif jf <J\J y j/ L L j)I yt J) lL 7 (jjl / L jf 

Jj Jj L (jyy ij /v j)i (j.)j <(jfj' js. jt jf L ji/i jf ji L ji/i L Jtiy <jj j > f 

,<l Jl ky Jlf j)l J/ 1> J l/. (fi / J// J! <<l I ~yt J\ (f 2 dJ 
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f / 'jl LV <L/ 7% ( f' <z-J S </ )7.y {J&l L-S U ( Milky way ) 17 if jlS/ Jj\a 

j\7 j)l Jf / jt Ji ^fl ‘<l- jt ( Sagittarius Constellation ) jt '■/ J~* f/ \ Jj' jh if J i/ U* 
)j. f Xj i/i J)l ‘7 j ‘7j jf\ jfe </ J^* )jJ> JT'i S S)7.7 S jSi <<—7. <<—7. &/-■ S 

zL jfly 1 Jz^lii S S } 7.y S Sagittarius A f / l*iy j)l (Compact) J/f c/. J/ J\J S- <S <z— 

^j^C^ j i4 Ji)c^ i — 17 JL j^h il& t) ^ X $ jfc* J/ jt ‘j 

** C ** L * •* V 

S f / jV \x jJ\ l 1 j/U Xj ifi fjf) tjf i jfi f/ jV\x U j/U jXj jt jff [jjj. 

S' Jif. jf~ </ oJJ liiJU J^ /f ‘<0- t*U L L <__c f <f Jl S* f / Sj U 7 j jf\ ‘</ jf S J 
L f Jl> S j) ! 7 } S /S SJ i—!) <Sl jt <L—/c> 7. Jft <l-j U 7L-7. L^iiXl <f Syi )7.7 <f Jyt jJ. 
<z— jt S jiyz fj. * <^S /fi ~ “/ /1 7 <XJ J/.jy' cf J) J/ lS S l f! f^t* ‘fr ^ 

J/ S Jiji f S J! <z~!(j yi jt J)f / <f J)ff J /)) Ji/i jj/ Jf U L—)i j)! Jtiy L“i £-. 
<L- (f yi jt jJS* jfJ <<L- f yi /) S Jfi /f i* jt <f/ JiJ.i fi U Jyi <JJ. J! jf ‘J jtf <z^)i/ 

f' ‘Z'jJ S Jfi jf~ f y- jt ‘Z'jy* S tf (JiC <-^iy S l f~ c— jJ) )fS L^i j)i J-i i Jf/. /f * S 
S jff jj) S^ SjfjiS I Jyi jtf tji) y fi ‘Sx jtf lT S J7[fi f)S i—/)) ‘Z'jy* /f 

.S i — / <-// ^i7i L S. y J)jJ j)i J)jJ )/./ jt j))j L 

<l-j Jyi Jj\x jLiy jf jfj J 'jif <l~j )/./ o)i </ S Siy <S £ S Ji )fS Jy Jk S <S 

JfL L—yz S£. n)i j j) I <L-7, s)i j Jyi j)! f L-J C& »^L s)i j <l— B)ij Jyi Jk. JjJjS 1 f S>) <S 

£/. Si /) S Ji ‘S~ jff i Jt )j S Ji if i—jJ S ji)) ))) )77 jt j!j» S Jyi SS ‘L jf 

.Jj <tf JftJ (J)J <LX <L- jf , Sz? 7l)i jf j)f 

‘ZsjJ' S S) S Jijf f/ L— JJ J 1 £ S* S jf S <Xrf JS S <z/JI J 1915 

Jjif J! <S 6/ J/ f 7 f/i /)/ U J/ L- J! cl- J-U L J?I)J Sj/ S Jrf Ji ‘S S>ij) 
J/ ‘jf Jt (Jyz fc S Jc ifi S jL'iy if jf /l f /f ‘f /y. S S )j J * j\)j S J)7 

J? Jlpyi <-^J if jt Jlf S >t* Jj) 7 Xj ‘<L— t 'yi <jJ J’Ly U Jl Sir S <L—)i ‘ jf /. S J)j J~i/ 

I 
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jtf S/ fj J'.ir )f jt ji y j'f f jt jtj ^ S Ji JiP ^laJ l U-Zi'* jS 

‘Sy< ^j)/’ f fjf kjb f jtf) jj zl iLu (J^" _Xl S (Ji y (Ju. S j>f f \ ‘S 

\jf <z— <zJkf* Jl f [jj) f (J.li' U'l (J JJ’.y' ff ‘■^ iXlf f $ <z— S f <f~ S : 'J-'b f ff f J 1>*I 

ijjf j)i Jj; jt f~i <jf\ u^y j/ j)yf fj\? <z-~ jt jy/ S f /- f) f JJ* 

jC> </- Cyi Cumulative jf' f J\ j?) S J\ / <L- ^yj\f <<f- S 10 -40 j)\ Jj S 

,<f- Jif i <-J& y (jyy (j /'r _/ u~ fUj j} \ J ,j J 

y irif i/ i>i ii^ i^ ^Ju Jj 7 lL l/i X (jif X Sl j~ f) X X" S <-/ j j - ^ 

(jf S J 1 jf~ </ JXi%l l /J Sf J , fj\j) ) )f<L Jjy jtj iJ <ji tjy< lj£ jZJ (Jjlf 
je S Ly jJ S ,J y /< iJ J & <rJ f S ,J f / J ‘ f f J J\j\ t ^jLiy <<f- Js< jt <±,\) S cC^li? 
.Jf\ <z— l jt J/* jS) j J< Jj L-X Sf J L- Jj J) /< f (f </ L~>f <c_ J/ f Jf 

<z~j f <zf 7 <z— J)f) j f-J Xli* f f) J f S" f) J SS )J 7. y) i'lfl (JjJ c/. fJ <-*> jfJ 
jt Jl <jj Sl Jj <z,\ yl (jjtf j[f\ (Jjlf f> 7. Ji jf fjf)) </- Jlf J> f jf (JL \jj Jf j/ y Jy< 
Jy fi fy ^j/ b jJ i}f jt Jl <\)j yj (f~ <ll, ty y/ tjf f J f (Violent) {S.Z J, \ ff f) ^ 
}y f* U S (jL'iy J7. 10 44 f jf ('lt 7 /- &y \jy J f \ S J7.7 }jf J y </- Irlf fj'fl Jf S 
jf (3 J 7 3xl0 26 7. J"f j? f Jjy <z—f/S J'U lf J ix J j ^ <f ff )fj L /$ <J/ J)\ </ 

‘Jt } J J ) b ( — f J)f <z— }j\)j'/ jt J)j\j, )f <L ^—/)) f) ff ‘/~ CjfjjD 

J\ S } ff S ' Jl tfjj\) IjJ) ) j/f (jj \f J) <fl }j </L fJ) <f\ ^ J)jJ <J-\ )) 
Jy fk L c — J jff f J~ Js S* | iJ) tjJ (jj/ f’Jji <f\) 1 — f \ J)f St. </- }y< wL j D) 
Jj% jf ~J\) }Jj) J (Jl J)\ Jj jt J)f )f L ‘t—/)) f) ^ — ‘J J\Jf )) J~ Aquila ^f. I f' <Jy 
f 'jf jX\ jX\ <L jf f 1 J/ fz iJ)j\j, Ji bjJ /< f jj jVJ 'J—\ Jijy (Jjf L Ji <<z~ /) f jf 

<z— /) S S) J (jr^ f l/l ‘</~ Xlf f (f & <z— j)j S S )J S" J ) f) J ) f) J (j)7s S J ,J J (Jl ‘</ d 
<L fz J)\ /< <</- }\ S S' jt Jjlk/l <L j\j, L J\ j>\ </- (}|f /y J\/\ j/ S J> f f)f 
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,<c_ L'l f j. M / J U c/ c/ Lj/ -J IrU j-f J/ 9 / l 75 U 999 I^U 
(Jl vjI J$ J / /I fjl * <£— t ’yz l /;j Jb jJl LJ jJf j JU" /1) (3 /LU* / (^JyT^ 

/0 / Uv/ >/ (3 '-f) t J~ ^ J JUI / <£_ /)// Jj; >>7 ZUl U>J (Jj/ Zl 

c/U c / i ‘■‘f- Ub /U Zl Zl u/ (/* J/Z ^ if ^ JX tAi/ S J*j (Jj/ ‘J2 
J/ / >U U <c_ L“lf>f wU cU U'U» b'/U> / // J/T /l /<c_ L“>f £l Jt' J/jli / 
tL — / jh) ‘t jt Jf f % ZJ (J-jvU / l/ / 9 ? wL/ c/. £~ /f ~^ (JjJ (/L Jf! <<c_ L“l Jbj 

.Jj <c — / l£l <£l <L—/» /j *• UT iJU /vl/l (/ / Jij'L' ifj/ 

‘LL jj <_-/ 1/ i_/jJ >/ /" (jtiy cl- f* jfi £ f- l//z>lj viu c/lj / j/[/ JjU (/ ci;i /ii ^ 

.(J^i—Uif (/ jJ/ /u// U / i_U c/j (^ // 

/ i / <_// <Uyl Jfj J)) J lZ/J (Jj// Jl/I LL J)y} (Jj J (J^ <C_ (^ c/ Jl/I J/ S (Jtiy /j>y^ 

/>l> /c/l /<jl, Ck ^ <=_ </U </ ( Binary Star System ) ('lL /vU (Jl£ / Aquila <<c_ (jK/l j/ 
L“/l/ c^jI/ oW 9/ / Jl/I / (j/ (Jj/ f'Li^ s' /fe <<c_ (J.lL* (/ / <L_/ / c/LJ q / 1 JL/l 
</j LK) / / (/. jjty* y jtj tjl/ ^ J) J J! S £— Jj)/ / / Jl/l c/, 9 jL; c/ <<c~ 

l/ >L »j c/l /V (Jj/ Jb Jj'f </ / /9 /^ l/ / (Jt i_ J. cU l /1 / Jyi)/ (f . / (j/^* 
/0 jl 1 / U< /f- / ^/ /f / 99 /l* ji J/ I >! jT / (J/ J JL“ U? 1 L^ jl 1 / 

/ 9? L*/^/l l//l (/ 99?9 (//*'* / (/ (J /l / J)/tjl / (j/ / / jy/' (J/ / 99?9 / U 1 991 

UlJu / , f£)l / U~* <<^ L“l jt )?.) jf /* Jsz Jf. / L cu IA 9>U U/f 99 L; y L fU)l iJL ojfj. 
jt jf Jl <<c_ I a J J)i Jj. Jf J jJs* 99 / y cu tyi ( jfyi Jj. 99 L cu L“9f l^ J 9 ? </ > 9 ! c — /U 
/ J) J J)!f X)j jj £ <c_ ty: jf b/j ( Ringing j)I Wobbling J~ ‘f~ tyi Jl/I ( c/ (J/ Jlf 

,<c_ L“lf9? (/ U>/ / JU / (Jtiy (Jb /9^ <^_ /A 
<uf Ju <^_ (j?) /J Jl/ ( jiJ* jf* 99L ; <=_ 99L ; / u/ ( / (Jtiy // <^_ f'Ui / /9? /£ 99 
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) )j i f ( Stephen Hawking ) ff\ ff <( Roger Penrose ) ju {/ 7Jj jt J 01 J 70 

<[f f J jJ Jl L— ( Larry Smarr ) jV ijJ j)i <( Remo Ruffmi ) jJj yCj <( Brandon Carter 

Jjk ^jy 6 J Jl'iy jjZ 29 i (Jt'iy <^f jfj \J 'j (jUT S (J( J)i jtf jt '»sf Jyi y fi 

S jt S* <L 1 Ji js< Jj\p iyi jiJi ? i j j}y fj. Ji S yi jp.y Jdf J< j/ f< f JJpy 

jf ifi jJpIj, jt \f ‘jt f U ij jj jf tyz Jj\J ^jy 6 S fj ff ^3 L/y jjJ S jtf j'JD y fjlt? 

S jf /—< /») J/i <l — f jf ‘S* 1 jt Sf tS <) ft iS< (jtiy } oA j <■<£_ f/ A { ji js) 

cLu jfj S Ji y <~ <-</ f j y fj j f (3~ </ o)i j c— o)i j jt )sjj 7 S ' jtif S jjj j)i jj jt 

uti S Jiji o)i j <z— 0)1 j £~ (Jtiy jf f LJest jji& / ' jf. (jtiy ^jy* S j)J S/ ^ 

Jy ojJ Jjiff (fy f S U i Jj\? jj'. Js'i fj. ‘{jf jtf J? ifi (jtiy i)L oj/jL Jr Jlfi J? jj? Jlf 

(*£)i i Jyi fj. J* J f Jj\p cJ 1 fi ‘Jj L fofj i (jl'iy s) /t, ‘t yi /}\e i jyijj J })) {J~lfr j)i j/. 

Jj\j (jl'iy jt j'jjy 6 ’ jjs) jjly jsI S~\£a jS' J} \ |f yi ”jj[yj” Jji y sl. ty Jy fJ. jJ Jj\? jf 

Sj, fi fify jtf ssjJ i) {f Jj\y j * f Ji jjj fi S Jj\v (jy o)l j o)l j Jl Jy fJ. fsj 
/ y L'iJ j/ yj / jy< Sj jyjjy JL Jj LJ& ojiji f m? S bf S l /< j /- jf J~ S jf Jy 
jj ij^ f Jk S {jfij<. jf Jf~^ Jijf S/ f~ (L 1 ‘<z~ &S (jUT j jfy fj. )) f S/ jf } 

f\^ jCi ^fS^Sbf ‘Jt Lf i<) Jj \ J <fj Jji JSSl/ f~ if ^ i<> L 

o) {j~ ‘<z— j ~ jtf <^j J J j/ j)i jj jf jJ / L—/)) Ji f y Jji y* jtj Jj)) y (i ~ [ff J jp 
S i — / o)i j c— Jfi Jj\p Jy fJ. f jfjtf J& S Jj\e 0)1 j C— 0)1 j f Jy JJ. {jf P. J / 

(jL'iy Jtjt^} JfL f Ll j/ j Jj i<) is. !$ t L - If ** Jj\? jy fj L - If s STZ 
/S <^f S Jy fj ( E — mc 2 ) f L-/y jji jt S Jf< J)! S L / Jy fj. (jL'iy * f S— 

‘iy jt jjl o)l j C— Jf! i y jjl jk jt Jj\e f t <L — / /J <-sf J o)J ‘f f J)! S 

S <^~t/. <z— jp S 0)1 j <z— 0)1 j Jt> ‘S t—Jy J) / ty f f <2-} L-J <zs/ S J )! f\> 

.S t—\ <?y { Jf / 
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y J lr wU »^Lv JvJ y~ tjyz 0 S ^y J^ lTj'I l/ JJ -J-£y* Jy Jk 

** ** *f ♦ ♦♦ h v * ** 

(J( V (Jt JjJ ^t/ y (J'l vi( (J^ (j^ yj ^ Jy Jj. S <</ I ?yi <c- j?) lT £/^J l3>i *-J^ l/ lXlTl/* i 

j> u J/ (j^ (J <£l (j( <■ Jy l/ J lT*' i/ (jy/ jA> j"\&* Jy >y (Jjl/ j^^" , ^ y j j*>-> <£1 

.Jy -/u £l >c^ j"Lc £l (Ji*(y (j*^ j^J i/ Jf (Jtiy J^ >i( i/ lju y Jj^ 


wU JvJ y (J( >i( (Jif ')\f Jyt (jj» S S* J j( (J^* (J (Jlriy Jr^ Jjf \J< 
y l'l/ ^ / l); ‘ifyi y\y. J v jJ (JL*(V cf jfj Jf (jL*(y tjJ jj[? jt c^jy* \J\ ‘yi J? je s)ij <c- 

J\ Jyi Jj. J J j)\ t j yt jJ Jjj U l/( y j/y y v J lK J^jl Jt J*U £l JT*-> J/^ uJy^ 

Ji J/ J/" y Lj ‘■£ly Jj( l/ i^y 1 yl//j Zl (jtiy wLJ -/ (Jt Jy f j, jt jijti 

/> fj (JlT l/ jL*iy <zf c/J Jf j\ji\ yJ <J\ {'lt)i * l/ J( f\ jfJ ‘</ sjf itfJJ 

S J/ jS (f 'fy* S* 1 L f f £ <z— Jtiy ijb Jy Jl? (J)j IJ jt j\j& jL*iy * f JJy JvJ \j) 

.Jj jJ'jjlj’ csjy* S (Jtiy j/i Jj\ J/ l / <zf Jf Jj jt (fjij 


Jj\J jL*iy t»l j c— )ZL/ /Sj y“ Z’ JJ £l Cinder fj/ jM sjJ ly lif S </ * cjll S (jf Jj\f Jl 
Jj." JiVl y ly Jt£\ / J\ ft Jy jy jf </ J jf \y f tf jf u J'lJlr </[ f f 
{ft/.S jL-iy y S Jf , jJ S /f L ¥ ) Jj\ i— ( John Archibald Wheeler ) f) JJ jL £l ”Jy 
j)j / (j)i\ * ‘&J fJy 4 i )f<L 1 J.tf t-/L 2jf Jj S jyl f <l — / U JJ jf[ f~ c\j)/ jy 
J})j <C Jy <jz J-)f, S\)j Jf S Jy j} j S- <fS jj“ <c— JjJJi f )\j jt jyj if jjf ijf ji 
')tf ff Jy \jf J />. ‘</ L**J JL Ij^/. <L L Jtf C- Ji S if~ / Irlf i) Jji J} s JyjSf \jf 
S'iif S J 1 fy y\ tiJJs. Sl} Jj< J JI ) t :f\y frf y 2 Jj j\)f c/ j)\ S 

.</ J f Di a>\ Lfy/f (Jtiy j\ j)ii t) j>\ </ J y Jj\j 

J>i Ji <</ Irl ?y f f J/ 1/ (jtiy j>\ </ J J (J J / f <c— t—jf <</ Iry ojtli \/) l/ f Ji 
J (f f }<} jt <J J t£j t) (f / (f f S* ^ (Jtiy t)i. j f <c— J\ <c— <L — / J t)/ j ) L I * Csj)/ 


I 
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wl fl/ jt Jsz J). \J Q <^_ \f f^ ^ \y jj J tJ'i'S (Jl'iy (jb Isi Jj) <z~ \jyi JJ. j>f\ 

<_J£ f~ jt jfi t> f ; J (j/ J lili I <_</ Zl J>f <C- <l~)L JJ <L~ c — /U s) / <<z/ L~l pyi 

t ‘si \f /Hl jL' <L <^)L jf \ S ' j$ 2l.l? vl? Jtfi i -jJ y (j^ tj y J>f f <_-> <<^ t* 

j)\ f ) j / [jf <_^ £~ ^ [f i j? j)\ [f’ Ck IjLi j Jsi Jj. !!2Llf jf ^ S <z~ * <_Jit /^ l/ Jf\ 
l/ J)jJ\ <L Jsz <jJ. / J <z— )j f Jf\ <^~ Jj S S!f it S i)*t Jk ‘zJJ )) ‘£~ (j* J jf)L i}JLj 
f/ ‘</ \j sif j/\ S tS- jf S) [f si (j Jj (ji^L^ Jr Jsi Sf. [jjJ Jl/ jf J. ‘<S f jf t>sj> 

^Uf (jb i /'f j )jf fiL? <L-\) i f jJ\ <L Ji ‘JL. j\) ~*j l/ (j / Jj S )£) S- tJ-rt JL. /. c^Ul * f 

• <f- Jlf wCi l/£/l/*l (jL/ (jl! JlJ <<^_ Plj (/ )j fj j 

t J\ )jj ‘<z~ Jf (jtJ jf JL) ‘<^~ JiL (jUL> Jj Jk <lu jj lz/J Jf (j / S S J-rf Jk 

* L * C ** ** C ** 

[f (£l St JijjfSjj Zzfd/J £[/*-!? <^ J’j: JfS J))/\ J~ J-x Jj f jf c— 

* ** • c ** 

i—f JJ /L j)\ <^_ Cl f [f / jyy <J S )j * J J~ sJ Pl J)\f j/\ J- Jsi ‘f— cjii [f' (jL lj) J. 

'ff. L f' f' (j/ J *L ‘<~ t*l J oJ * / < 7 - /) S~ l/Y jJ / L ^ jJ\ <f- J\ J )j J \si * JL* <l£) 

y Cl f jst j& * (j~ <f~ t*if j* jZ j\ / / <J\ J" (j/<_>> <J j\ ijf si jJ '/ d)Lj <z— jj jf ) j 
<j- / } J~ ‘- 2— i jf S" jZ |/ J- \J) S/s ^jri) i—\) Jsi \/ )j jji\ J- Jsi Jj. ‘f si jfS j\) /L ty 
<Zs\j>\) i—\) Jsi jt J)jX\ j)\ J)/. J Jsi tj s ‘Jj <f- ( Event Horizon ) (jl (j/ S tS S J^ J 

J-tj J\ J>[f)l) / jfJ ‘Jf <S/e <S-) <z— j£\ <<j\jj\) 1 I) Jsi jt J)/j ‘f~ jff / L f [> / jZ L J 

)/.s* S J-rf J Jfb / l/I ))f / /fe ‘<S-L? <f-) jJ <z~ /L Jjt I—sz <-) f S »** 

\f f) jtf / )jj <\D j> (j/ <z— /\ f. ^cf f) f if) S/. 

j& j/j 1 4 f' j\ <J\ / jf\ ‘<z~ (jif S (J f. jff ^y j l/i <f~ <-) f S J^ »** )J j/ j/ 

S / <f l/i ‘J j^ <J)) f~ Jrt jjL S / y <z~ j f jz Jsz f <f~ jj l )j) <\j) f <fi <f 

y (jy J ’>/(jyw <<£_ t*J l/> (j/ ^l <£- ll/" J /* (j/ / <_^3L/ <^y wLJ y (JJL 

f(f <i — / Jv </ (jl>£ f" ^ )fj <0 f t <S- * Jf l/ Jl <Jj S y Jsz S (S SL <f\ jf j » (jb J/ 
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,c~ Sk lf”if t S ijir'" f if i/l S <S S JUl ft i}U 

L J2> tS jfi jifl I4I Jljij ijjif <c~ >5 y jS <-\Jl iJ ^JLr jt f / S Jsz Jf. S y L“£ <~S> (jL f 
jS rtfi jj j^j t j&> ji j Jj Jj S <2-/. <L- jij/ (Jj if <S ji ‘j~ t 'f<cjr* f % <L~ ji j) jL 

)j 1L1 jff 0) jC ‘Jj ^rC Singularity ) cJ!jjj> L [)\f S jL) Ji j f cyfr^ J'l Jb ifj <c~ J’j'. J 

* jJ <L~ Jri jJ. S </- jf" t Jj!) ‘Z'jJ’ <z~ c/. ‘C~ f jS JJ)j t jL) Ji J <L~! <z— jS c~ 
f j il~ L^l S ‘<z~ tiftf f)J*> s)L JJb Sn j\p)) <C~ Jf! J) I jS /S f Jjie <L jL) Ji j c/lju) L JS 

.<L ifjfy: ^) jt c/ij?) ji jJ S L y <L )jj fiU 

S Jtf jJ. <L~ I) L-J J\ jt j\Jf Jj\f< if Is S Jf ‘C- j'Jj'. S JP.jy' j/J Jf) cS if Jy; jJ f\ 

* ‘<L jf <0 jt jt /* jj cjijjj) ij i) J-)f )f.i) c— S Jj)f )jj fJj y jS L/f* j) i <c~ 

jf[ S~ if S~ j~ Jir' )jj flU oj\g <L- Li c/. c~ L-\e jJ Jis ‘<S Jn t) jf c/. jt ij/l 

f )j c— J[) S S t Sj jS f)f cJIjjj) Sjf ifl f jf y )jf f-Jt f jt S~/ (J/l Jf< S rt S/ 
flU j)l t yi /f f jt f) Jj^ } Jf! y c/ j'!j . ; S Jjy cS f Jyi jJ. cJ. sj fl ‘Jl jS Ji? f /i 

.S jf sf )fi />jf jt si? S cjl JJJ) C— ifl Jj)f )jj 

Jt>) jt Jyz jf c/ L“ jf c— J/ c/. tri S/* S>) \fk jt JJ f Jf! jt }} S Sl ? S )jj flU 

Jl S c^ c/. cS 7 f S>) J/t * y eS) c— /i S c~f cS j if! <lS f 

Jri J f j[}j f Cs\}>!) <S S Sl) 2 f t/!f> <c~ j!j) j)) ‘C~ L“U tri <~c} S ijl Jj) J5 J5 )jj flU 

cS / /. <c~ jlj) j)) St> t SS cf>) ftf! Jj jt S\f <S ifl Jj) J! f )jj S j jt y ! <c~ (Jlf if. 
Sl Sf S fL>*l S <Stt Jri <Sf. Ji ‘f Skri f jt Sf )fi <S S )jj <lk J) f St f Jj 
<Sj. c~ J~f / fl S cSt /. <c~ lrlf>f f <S>) Jifi c~ JlU Lr€ L^J t <cJt Jri <Sf. Jt> <c~ tj!)j) 

,c~ S f o!j tly. )/ f <S\f jt Jy 

J f. cSfS' S. if 1 f!/l S/* c y! J f t if! jf c~ cff j)ff c— jt jjf J <cS / 'Sf /f 
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zl J f' f <l — /t- w-Ti j? ij‘9 f if <i — /^bi j\>/ f j^j jt iS jf j jj& zl i/ 

y (j/9 <£l c-Mf///U/< tjsJJ j)\ j\j£* S J^\ (Jl/l/i/i ‘S L—fJf' tf‘ l^i f 

t ♦ 6 ♦ 

.1/ L‘v^(Jv9 l/ l/ < lL <£l i — f ' jf j j\)/jf 'rr'f ff 
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ijj} 

S f f^ (Jv^ S ff S A f 1 <-)A (X J 1 Ir' l <<£_ L' l |L L/iJ <sul <iu IrU ^l 7 . f J% %C 

7 c— j[) j tvlj c— jj? jf [? wXl S* C ‘fryz jjf }>i Ijl jS ‘L~ CS' C C J ’ f j[)j S j\>7 

C jfi jt <L L <LT ^ jib [f . Afyt >\j\ 7 jJ y ^ J^S jtj ? *—f 

<t ** • 

■J) Cr ff^\ I f 1 — / ' J*\e j[)j * jf\j J—\} i— jt J J)j[r ij 

jf\j? jf . i <<^_ 6)i j jj c—C j} C j[}j J jjf 7. <^_ jJ(} if 25000 (jr~ xj (3 J~ f 1 1 J) j iJlJ * 
S yi f \jj S S f* C' ‘‘Z- 7 f eJ^ C~ Jf\ J)\ j\J)* S <i~>l jJ jJj (f~ S jfj J f\ ^ j [)j 

618 fL C jJ t yt ty i})[? 7 jf^ S f\ ^ J \) <z—f ^\& ‘S* ®^L j J S l J~^\ SSS S(J\ 

jJj (3 f S J \/l JiJ J <C C J \) C— ('L7I Jff (J|^I eJ5 J)j\J J\)j ‘S^ f J} J [) J S fj (3 f S 

■S^ fj <3 f S C j 3 if~ j[)j S S y j [) j Sr C C~ f l). j). Sn ^j)/° S (jtiy S 

f jS )jf j / /j t&M/Q [ f \ ite f ()) ^L /Lsf ^ Jl>* ff ^jI L j\) ^ 

jf 0JJ j (3~ 7 -7 (3>L J> \ BJ f f 'j" (JL (• f jf" ‘f—j \yt j\ } C— J'l (J~ eL - If \j)~ 

f fff S j\ j> ji> ff S- (~\ ^7- f * ‘S^ j [) j [) j \ } & j [) j SS >j A y 7 Cx i C Jj jj 

f f ) J S f >J 7 jj\ 7>\ y L - L (f^ ) $ j[)j * f/* f\ J? j‘J eL- k / eZ— j[)j <-c/ <£_ J y j[)j <=_ 
■J) (S iJ 7 j\) A~ C L~ I 7 Jvl) jf eC— eL- / )) f\ f . j\ f [_ <T_ f^~ Clf f 
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f’ fJ ff s/ y If If (J^” C^" c/^ (J^ J/ j/ S jlL 2 

<L *=-lflf J* ^ >?y£ (J*U w-T) >D*> (X Jit~" <-<£_ CC <£--L I/ (J yf J?\s <£l <L_jy 

^ <lf <^_> (JvU V <-(_r >i/ f\ <_-^l* y <^y (Jjlf (jff <i~>L f 
<L~ ” £/' fyff ‘S S— 2 — ^ (jvb v if <L-\p uJ> j^jjl JiMf y <^_ <^>^(^u (jo vi)v f\ X) 

.S 2—\ fj/ j)\ S U-rt /LU' fLfJl <L / 


<s-lflf fl/ (J /v j>< <j~ j[}j S )f? } f< ‘</ U S& <C )\ji\ )) j[f\ if f yi u\ ) f* U uf 
U S \ f— <L- 2—i fC u l f\ S-rf 0)1 j i S/ Sf~^ . ~> y U' J ) f<2j[f\ if uf* <l~ fj~^ ijjif 

cf ‘<z- ufu S f)f <z~ t—//* <^\j o\y. <l~ *—// <L J/ L/ )ff U/ ‘S* ^j)/ S f j ))\. j 

.<i~ (J’U 2 S / 0)1 j fS j)\ U J ) ^ 'zUb'4 S (j~ j\j}) (J /)) <£~ Irlf LL <l-\j <JlP>\ S~ if\ y uf\ 



ft ‘ZS Si/f ljj\j o\y. U J ) * f </ f$ </ ff* f'J f /f Uf f~ U J ) 2 <-~\ 

L f ff' cl- 2L} cl~ o)U / UJ) fj< f f Uf< «/ tflf f' U[ )f< f t- J [ <L U J ) <z~ U^< f // 
uf uff \J J U‘ f U& L—U / / ‘<~ f\f <f <-s/ 2 U J ) <L U~< <l- ff^ S U j y* u U) J U <l- fi? 
U LV 2 U J ) f J \ f f~ uff | / Ui ‘</ U~ y' <f< \uf )<f S U) J U <L-\) uSj U j ) & U J ^ f)< 
Uf) j/ S. U' f <^L jfi if y <L — /fVf ‘<L i/fjlr 1 )\jU f' S U)ff U~ <zf^ <_J ‘Uj tS i) oJIUI 
<L u^fff e U) 10 48 (f~ <yt j'.Ij'. <L U< J )\ jf 10 21 U’ J ) lX if U< ‘U% )£** u~ Sjff uf' 

t>0y j\)j t‘Uj£&^u ^jOj fj\ f S j <) ^ y y Ju uf /) f> tU&\ /< 

)P <^-Mf f y /f f Uu <L U) J U <f\) <L< f <U/ UJ) ^ f‘ f UC> <ll f j /. f< 

i f if 2 — f (3~ S u~< uf S<) / ‘S 2— c (Jr S^ u j / ))/ li j)\ S f—U < fc u Sf^ ( JjU u f< 

♦ * ♦♦♦♦♦* 

. t yi uL U) / 

if f u % zf j)< U$ S I# <L Uf< yJ U 2 S' <f\ <z/ uf" ‘Uj JL? <L Jl> uf\ U< J U' U <l— c/. 

S ) J (U:\ $ ffLf jS ff.Uj )U.y* f fl>\ $ f\ ‘L~ fiti jS ut u J f <^ J ) UJ ) 

u/ <L~f j\S j)\ uf /i j)\ <Z_L f uf S * C f J J U‘ Jyi fj. j)< J — >U ‘<l — / f j. ‘ 2 —fuf U J C 
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jX -£ jf J\ X (jt/ J J^ <i~9t ji/j) (X (jyt^tJ X (3 / // y 9 jLJ f 

jj>\ f Xy )£y‘ X j\j& (j k y, 

c— Xi X ( 3 ~ jii i X X j \J f.j j>fi X jk) llX> X ij' (f' j&\ j)\ X i X 

ji* i f oM 4 f \ X \y f Jlci f <^)L j/J jr~ JJb X\ * J (j[) 1 / J. 99L j/ jf~ 99L jJb X\ J jif. 
(Subatomic) (J~\ c/ j\)j (Jtby ‘J\ /$\ LJd. L-J c — /b ^ Jf \ j)\ t ? \y c— <L- )L / ( Jt^l 
j)\ XLj) X J^X ~f. X Jr'J J J Jtf’ t/ t ) J (f L- jyljj X f t/l J /)) J\() X J- ^lj) 

X (f' J\ jJ X Jy jC X ij‘ 2—y I /. J)\ (Jj /j C/. J 99 LJ <£^ jt C^lj) J& f J\ ‘<L- \f f 
jt\)j X S X J% Lsj (JfJL 1 J/) 99 U ^ X ^l^t J\ ‘X jy )/.)> /jfX- ojyt f Xt 

X ‘Z'Jj t ^ — j) j)\ \/ f ' etej jijj j)X X f J/ 9>lr <^jJi t/ / (Jij (f )j X fX t-/L y jf/ 
JLj. f Xy Jl) X S-X? X / Jt: / J/X <—/” X\ /. X f'Xi X S k)j Jf 0)) X> jf 
X JJ / r X- yjj X\) Xy Jjij X) X Xj. X ll\> f X X zX & 9 JiXi (<zsj)/ J y j)\ X C** 
(jjX y j^ijj j'l/ if (Jtiy ^L/) X J/ \/ ji-M X jf X LX X ftT /)/ X\ ‘</ Jy J)j 

k.) j jJ X X X X X* X X X ‘ < / Xir l& f )\X / X k)j y (X Jy fX X j,j “\ 

ly)j jS X X Xx* X <L-jj X X <l—)L f*if X X" ‘jt)f Xy )/.)> 

k.)j j!j y X L^X X) / X f X u/i ‘L~ J Jii J c-/ f J?j) J/i X X jo jf ( 'j\ / ji 
/j!?\ <^j/. XXjJXXll X ( jX j)\ j)llOl S X.X^X^Jf ‘X Xy )/.y 
jS y X JX X Xj X X J\ X XfX'/ <z- j[)j ^c/ X J\ t S X )J * Xz ‘\}& x? X 
X <^)L jt XX Jy X X 1 S X&\jt J\) Xy f y Ji jX ‘X Xb jX X X f* X ^i k)j 
/\b> 7 ‘X jj’i fX tf Xj X f X X X (f X J\ X S/j j j i X </ j) X )\ Jik f j\ Xj 
■</ / X<// /\/) iyZ) jf X? y jjtk X LLlyf S J /y X } \X (j)S\ S ^\ j j j\ X x jt? 

j / j)\ <</ jy <lX X ie jf s J X Xl X ' jX ^ f S X j- — L X k)j 

L? (fis X J\ f Sf \ J Lt X j. — L X k)j ‘X JV S tz/ L f X fiJl Jk S 
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S Jjf 2— lf f^ J)\ <L- J) J* jt fj\% <-si S I Jf ‘<L— iTlf BJ JJ* (Jyf J/ S Jl ‘t/jJ 

j\jJ f &)i£ jQ ‘<L- f ‘Zj- jfc Stk S- <L — /'s t—/i) j y jt Jv S &S k)j f\ 

‘jfc 2 — f \>\ j\sf f jt jjs / S ll/C ts yt f \Jr ij/ l-S f Ji B S <X Jf\ ‘</ J~ 

<</ f <l— <-/ <zf S J^ jt Jj's JU <l — /b <</ Irlf LL Jjlj Jj L* c/. jt Sj <l — /J Jl 
.fsi silj <l— JsjJ S JjJ (JL &S iS J\ V Jft sp.s^ jt j\j & J \ i$\s k)j 

ll) yj ‘Jfc 2—1 J-J fyj ‘J)\ jfS\ j;\ )U> CL- ^L yf j)\ <L- jJ* L'l (l \j\/ f C — /s £- f Jj I 

S h)sc f\ S </ &s? JU <S«/S (JUVv J>} S ifi S <z- b/ S k)sc <L\S S' e- 1 987A 
&S * f\ jJ ‘£—\e t f <zf 7 y j[}j f f >j (f j\) j J <S\ J <z;\jj sc)j (*l) 1 <L- f <—f SU jfj 
Jl Jf 2—yi JV S jLiy S. c/. k) j <L-\s S\ <z—\))/' <Jj (f yi Jj \) j f Jl ? <l— jtf /° 

c/. jt <\f g Si c— <fy S Jz ‘fyi <-/S <z/ S (f)j j\) j S J\ V <z~ if jtf f" S X 
L f {f" c— j) S Js* f (— I) S jt 'ff? y S' J J) J~ Jij\)j if J\ <S J\ J? 2—si S-f f U 
<zf S j f Ijj Jl S/ (S Sf C- J-\J L k)si L-\) S Si Jj\) e- 1987A \>) / «L- Sif 

■</ ist yjy. S <J2 Sj J \f J~ S <^S jiffi 

i S\ f jf C <zf f k.)j jf ‘</ (}| PSi BJLgv f j)\ i)[j JS * <Z— y>) Jl ‘Jj f'fl Bllj <L— <S\ f k)j 

) yk j;\ (J?l J-U f* j;\ S\ f k.)j M L- cJL j) Jl jf S L ; L- (jL Jsf* If sP.s S-J\<z~ 
‘S Jsi 6* J~ J \fk )\s jtf Jsj * jt S>. <S <</ <ls/ y jf jif <z— L—f ).\ \yk\ L :yi If f 3 

,<L— iff A— S f'fl ) /;s <L— ijiyi jf A— S f* ij) jj? P. f y>f bjL J ^ bjU 

jt S> S ‘Jjfi? f jtf j\jt\ f f cVL jCf X) ».jiJl* f- k)j £—■ L-l? S Sf S Jj) S 

f jX ‘Si Blij <Z— k)j /L L>f js\ JSyf f tP Su S <L—)i C [f' S Jyi t—Si \ /. Jj') <L-\ [f j)\ 

S llS skj S S S jsi \m. jt )\S <f i jt f\jj< S y^ijj <L—/)) ll\ jj * y <l-U &>. llS Su jfj 

S\ f LLljj Jl ‘</ [)j)f L* si Jjl y jt )\jJ f LLljj <jS J)\ cl, jyi Csj)/ f (jL'iy B)(j X S jjj 
C Weakly Interacting Massive Particles Jjj jj) J\r S Jlk J)f ?. <z- L~U is WIMPs ft S'f 

I 
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) j'it} j)i (Higgsinos) jriT‘ <(Gxavitinos) ^ Ijj (Jl L ji\/*j ijf ‘SM i Jsf 

y )?.** * J\ ‘0\f j¥ J. 'jf jt <^jl £- Ly iP.y" £- Jl jt LL/ ‘J? <L. .) / <C~ (Photinos 

/y t :/vlr \f' jJijtJi L Jj) (Jfc/ 


<J WIMPs <z- )J S Jl Jf S L-jb L- jyijJ'J jf C/Ur^ j? (X (J’iP >L JV <£1 (Jl 

S Jl jf t y J)f f (J*lP t J\ cl~ )j S J/ (J* JU'Lv <-^_U / t\y. jt S )?-) 

jj j)\ jt S J~ -tfi J£ ‘<JLj? iti ty\/ J t Ji S L- f y j\) j)j l£i f')iL jsl LL wL j 

)\J Sji J ‘j? S- <C ^l/ l-LLL&U/t L j'I L ^ijj ji LLmSi jt /L>\} 

^ <^L/ * ‘<z~ \}y Jj j'f <z— f’iy.i f*l/ L) / )\jL wL j c/. f j > / y <^_ jjf" LL <L)f 

Jj JL jS? ‘ i ^ijj * r. j? </ L &M&I <L L.& t[ / 1 t j\)1 J\ jt cL/ ‘jj L' f. Jr*i 

.<L jfl/c Jj j £ j&l 


f\ <^l “ZL. fltii 1)1) fij \ jL )f <L 1 jf <ll~ jf' y f f f jLj (Gennanium) (tf 7. J I t <L~f J! 
L~T 4 J? Lj ji\) f 4? &) jjS i <^m)S Lj\Jl/ L~l/<^ jff £ if ' WIMPs ij/ 
Jl Lattice L Jlf f f f <-/- ‘£~ (3 / / jt if f J * ‘£r J/ L-tJ\5lf S Jh I *jTUl ^ ‘<ll~ 

<L Jl <ll~ ty f \ f !jf Jr /° jf" // / / f f ij. ‘</ Jlf J> (/ J 7 (jtiy y <^_ (j/i / / 
jt <^j\7 fy f j\) I jt jf jJL » j/x </> Ji ‘<c~ ty JJ c/. f <L <L j\jJ f S ^jU * 

.< 2 _t /J&Ll/tjl^Sj; 


jj^ L WIMPs Lx Z_/c / 7 ^ jDj f c-jL jjff S f J’fl L Jiljfj (J '/ 
f j\/l 7% jO S /l ‘</ \ f * f' f Jj j) L <zf Ji)S j!/i <Ll <z— Jj <zf S J! ‘f jx j)j jt 
c— Jt jjty L c^ijj Ji Jijy L J)ffl )f L Jjy Jt J*" fj[£i jtj jj\r< ‘<ll~\j t '<y jf j ft 
&!jj J! / jL Lj/ J! S f) “J tfjf'Z WIMPs j! / Sl (lf f /f Lf S f"j ‘f- ff 

,<LL~ jf* jt it) jl / <ZM!j bIj 1 . t 


I 
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f J/ f\ </& <—yt jt ff f f/ ^ jjf f J/i S/ Sis S i/iL“ S ^ijj J\ 

) j£f 9>U y^U? LZslyl £~ J~^ (Jjlf ifi/l if <-7 flf if/ f.) f/ & J" el~ J/ yi 

f'jJ't <!—/» if' ifi jIj, f ( Uranus ) jfi i/fi S 0 J*? Ijf i/ 1 Sf (X ( Neptune 

)f/~ (Sirius) jtj/j c — /1 > f (X J^ / f i£_lf (X ^ ij , - > i— (jiU (X ^ 

i_b i_l (j>? ‘Z-'lj/ if! f ff) j" (Sirius-B) (j jtj/j i — <J f j, i_b 1 — f \j)f 

jjf Ji S f. I i>yt JU Jj ‘Jj zf f if /jf f — >L (jy f J) ^UL* ^ <C~ <l -> l (}/ (f 

,<L- f / )7.7 Jf'i jJ. jt Cygnus X~1 jf^ f i ? !yi jJ jf jt /L f f 

ifti/ (f Jijf (jj\fi <<L— if Xf JJ jfi ^ j!ji! f <l/ 7 f (J)jS jt Jjff jt j/\) >) j/l ff" 
* ‘L— 1 ~yi t)i j <L- Jj cf 7 )) 7 jX’ f'le Jj)) ^ J)f f Jl <Jj ijf J )f )f f f / £- Jl L—jJ 
^if j(c Lf if\‘<r- 6^< I/ ItfJ j. I/ J)jl> jtf/fjt^jfjJjtJf j\ff 

j)) JS Jff j)! jhi l — jJ S/y f- Jjy' JS jf) j)! b/jt if ffi & jf <<L- f <zJ u* J iS /}\ 
&7 ‘<l~ 'd) <_JL/ o)l j Jr' 7 J)f S. } ') S <L- m /?) ‘Jfc L—fjffe— (J/ o)l j ll/ S J)/S 
7 <z— (J)j cf. ll/ f J)jJ Sj) S- f / »-» Jt / jj? (j )/ f jff <L — J 7. S f lf f 

.J*2~f 

(f yf J! ‘Jj <jf ' <zf 7 L— j[} J Jif jt j\Sf (f Lf JjJ Jl L — tJ ‘<L- J^ /. S- J! o/J A jf 
fJj <<z- f* y j^ JlS S. </ Jtf f / jt f / f- J! <zf f jSf S S (f * Sr Sf 
S <L- /J ‘<L- -<o> eS J/ ^ <L-)i )7.7 f 6)i J )J S <L- (f yt LJ ) Sr S j&jl S L—)i jt Jjj) 
)7.7 j[) <L- />) S jf <f L~lf LL jt J)jf <S j\Sf, ) 6)1 j i J! J)! <Z- )7.7 o)i J/ / / c/. 

J)jf J/ S jff ) 7 j!jJ fj JliT S <^— } i J iJ /? S <z~ (f yt if * <L- J i Jy , f jt jOj S (J^U 

S*tr ez/cfiS ssf ( j $ «l- L~u ii) Sjf^ Sti t* S j>[ sf '<* )7.7 /if<z- 

S j!/ &i S Ji <f S j)jf S jjff <<l- 6)ij f j) f)! jt <fj S c^S f j^* ^ 
<lS f S J! l— jjlr e) L- f <l— )j S fi J £ S <— ; i )7.7 y J)jf f- J! f (f~ <L- (jU f 

II 
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}yi wlJ f jl/ Jl c— 

^tA jTlvDv / u&flf fi‘£- &io L'cj’ jn/ Ji^CL'/c / Jl jt *±s/ L Jt&f 
‘t i_ J <i^y yf y u^ f L U >D*v ^ d/fL (J>U / >y f<p i/ yrL <^_~ <i*- / * yf w y i_J Ur 

/ iX /li^ (J^ f (/( f<^_ flf LL / ( Constellation of Coma ) l/ <^f . 1 J* Jlm / UJ f jslfff y* (/ 
wL JJb i_ ( t/r' (jf <=_~ — >L i_b i_l / jt Jl f\ S L bjIJ S I /j h')! (X (jJl^/ l/ f<£_ 
jS J/\ J/ jt ffj^ y/ji J'c/f jfl jt^/f J%<t i_lf /S^/. / yij}p.7 
j/ Ly( j^L <£l (/( </ ^y^y* <^>t wU <^ </ <L~ L/ \ l/L <£l <iy yf /i <gL /( <^_ / Jj 

Ji() jIjm jf / <i_->L J )j / S Lif <<£- P* ^lr f (/ m }>lf bnS Li cm lzJJ / Jm/ j>i iyi 

Jj yi jlJl yl y cJ l 7 S J)/f ' P. )7.7 

L j) i/f <jj <Z_ i jjj j(ip L (L~J }// yi_Jt / /U j)i sj( f L </' /i jM f J f 

/} <z— jt J(!m Jl B) Jrt £Z— Li) L L* })if J / j/ <z— <i—/)) /l J-S /. /J J)! JM / 

}* JL? }* Sr & j$ }* J5 u> ji S ejt'tjfc Wf-& \rSjyjt / S Ljf 
jJ. L <J>. /C ‘<f~ (Jr? j. <£_ J) i/J L/ l/ / )f<L if <f~ 2—f/t C / L J)jJ! f j/ S (J~ <<iu 
^ ‘j/ j/ L'l jt )/.) f lz/J j!) /l? j)l Ji f / j/ Jl J/ jt Ji <f~ ij'f L>) J: <Jr <_J <^_ 
<r? )Z.7 jljZ* (jf S <i_;L }/ / j" Ll) i— ! 7 / jt Jl f l/r? (/ / <Zsj/ j! J/ 

j)! £. L jf flr / jtf j)/J S jf }Cf j!) JLf S~! Jwr r.r/ <=_;><.(/ <^U J*)/ Ji j)! /& 

.J/yij/ / j<l — //is ^tc^ 

yj <^_ L/LiJ i— »y / <J>i (/ / <J( jt Jl <~!yi / J/' jj? P. r <i_;L Lb i_ ( k l 3/* // 
l/rr f(Jt <^r? JrJy* ^rr*’ / J)jJ / j, L (Jr/U ^ jt j^lftf^Jt Lyi )P.7 jt Jf Jj wlJ S L~)L 
7. f~j! B)i}/ / f~ (f~ ‘Jyi / <L~ c— S >7)7 S J/ »1 7 \ J (J^> j )f)j! <L — M b)L * f L 
f ) 2L~/ <L~ L (jy l) <L L L& fji/ f l—)L <fi f lyi Lpm. Jf jt / m /)/ 7J <L }/ 

L tZsJM (Ji if eJ. <f~ if f Jj'l / iLj! <L C/Ul jfL Jif J I jt J)i! / ji < jt L 
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.(Jt /C Gravitational Lensing 


S S S <j/ lX? i— (jV Jf I (f. ‘ J'\ j& ^ lJ tjJ S S )J < T U/ J </ t l/U ? U-& J U 1 

jJ svt' j) l/I j)I S 2— lf I ij^ tj~ l/J if ^ — '/ <£— t/l Z- £/>r' £,U$ (Jb i— I <1 — /t- (/" 

(j/ if Cj/lcJ- S)£y ^J* J)l (/-£>'* jt C Jl S Jvr' flf I l>f IJ Jf l/ I 
Sir Arthur ) j/ Xl f j< / yj'l (JyUv' i^l <su Jijl * <c/ l/lf LU( / (j/ (J* \J! <C f 

.iS J i—-^ ccjj) j*/. y <C c/ <C c/LJ c/ 1 i__ JU* vJ S J~ 1919 i — ( Eddington 



FOCUS 


cjj}* S i~tf >lf>V <^i)U <-<lu Jjy* / £/U/ S S S) i— * S /V <-UU lT /*' (JiL/ 

1 4 S )J )J<C S' l/I / J// J m £t. Jf! < t tL-)f\jfl > w/l / (jT v U/ lT > (^lc /I ^ l/ 

.r^r /4 

6.1 J 0 


/ Ju if ks/ (J 3 i c/ (j/ / ‘Jj i — // / jCi JCi jt? i I j)I 2 —jy* / (j/U/ S S }J f <c—j* 

CL <Jj / '(/iv (Jb i_l <=— l — / 1/ /U) (/ £_.*? i — //” U/ lT > *-/( B>t</ Jj Ul/ »>tfirL 

-il/ c/ b) j)l c~ (Jj y c—fjJ l S )J S ‘Z— S J 1, ,/ L/L l/ /6.1 l/ <<lu l/jJ ./ 

(j/ (Jt /l>~ l/v f*UJ / »->L> -£*/ L~/// ./ u/l <->lf lj/)) <C f )J/’ /(j/ / 

/ <<^_ J/f'f, / Ji CL <Jj c d /1)1 $ S jj L T Ji lT £-6 (JU^ / (Jt wLi ifJl <JlLj (JU^ 
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Line of L> f <<c_ tyi J \J* <J >j <~C\ l/S y <c_ Jfj> <£l jtj vil S f f' 'i 1 — /<>£ JV 

<JL ifrr [f " J (X — ^Ij c/ 5 •*> ‘~/l S y <<c_ L~>f (J* 4 (Jr*U (jl^l /.£ <c_ <_Jt jj* Sight 

(J^ (J^ J V (j/ J.j/wI-' (J^ (X /*' vb j <£l (jJ/ (jJLr yl <(Jf izj Uf l/ <J" LJ c/ 1 
<_>?■ <(Jf <ll cILvj (jjLr <r_ c^< y i— J. (j J l/ i_ <^U& clyrL f (J/ ioL J <^_ <-Tl (J^ jl>U 
(j^ ^ <(jt Z_r? (J^u jS >)£* f jjf (ji y (jf" (3 1 i/ (j <-Ti (j/j »i fifCjjjj jjf L j\j> 

.J? fyi ijf jt <z^j/ iS ij>yi> jjC jf jf Jfc Z ~yi jt <^j/ J$ <z^2 >\ Jt 

uJ j\j> j» (j/ <~r>. <(jf Z—f{J\Z^\ <L L j iL~ j J>f f° j. L <L->1 J >j f JjJi' C y\ (jiLZ J\ 
L <l — J Jl j>> jtj y yi\j yi f * J i f J j6^ jf jf f J\ L » [j\ f \yz J jjf if <z— J? jj 
<c_ Jj f (jfk (jLL“ iS J^ L <l — J J\ <<z~ tlpyz <^<L A t '<yi ^ <l — J f° j. L <L->i J >j f 
J jt jC fl jtf f S* J >J Jt * ~>f\ ‘<l~ t f <zf 7 <L <L\ j^t^j J <L f'jl Jxt » L J >j Jj f L 
<L —> L J >j yi jt L\ L \J S (f~ jt j\jCf [jj\a <^U& clyrL f~ ‘£~ jf ' lf S S >7.7 S J\ cl~ Z\ 
J0\ G' L» jt jf S t—jtJ j\j> j» if L ('JI Jf ‘Jj l~j fj\i>\ /ZLf J\ <L L J\7 S 
7\>l <jt fj Z-yi <^\J\> <J-\ <f j\ Jt z ~ lf i_L jt >\ jJ js ' ('Jl fjj f ‘<l~ f J? j* J? (/iTL* 
<7 S./\~ j/ f 1 (jh i — / f jt ( Stromlo Observatory ) f j^j /> f <L7> L S f> JjL 7. f 1993 
S>/ S (Dwarf) Li jC\ L <J[ JL jff[ fjti J\j» f~ <l~j/> L J>jJ L JjL jff JjI) L 

.ij> Ls>f f 3 * S* S ^TJJ 6 

J> \ff { S j\j> J» jt <z^tJ7 (jb L-J S <S L Jl7 S J\ ‘JZ jfiS' jfS J7 J6 j>\f if Jyi Jf. 
Jl f f L-fj ff <z— <^12^ (Jl <<iu L“J / J\J l / Sjf S (Radio Waves) J>f (jl \j jb J\ <^_ 

,<c_ y J>jJ f j. j>\ jiyt Jf. \jf c/. ^ <L—>1 <J\> 

lj> 7. Jj>> L J>. jjff~ J^ ift ‘jt Z-f /f> f \ J J yi J>. L-jf £/. jt Jif f y ^J6 
<z~ <L—f/ f"\ ^ ,//\ <l~ jt f Jy: i_L J. Jyi JC. <L~yZ c/. J/ jt Jl tf fii JlZ jy* 

S <l->\, jr jt <zsjy° i Jl ‘S-*? jtf »1 j ( Asteroid ) f> L A ff j\jJ S l~>\. jt J\ tyt l »i j 
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<_<f <JI f * /\ C f Jl JZ ‘L JS‘ Z—*~ L <!— J" f j J t * J >\ Ssi {jS J" jfsi Jl j\J/ 

L j fl* f ( Hawking Effect ) J\ Jcf / l } A f jt ))j<? J\ ‘Jj ))jj? S <^/f> JL fl/l < r c.} ) 

S kSslj) tjJ Jjig f '^ J £ f/’J * f V ' si JJ. l£i oo / ‘t JJff f (JU ij / 1 J" ^L Js t/ flf 

ijj? j \ t yt \is£ Ix S' ‘jfc j£ jJ. £~ j?j> ‘J& f'J?i (J'U <L~ ^ J& ‘Jj Z_U /S f jbgj* 

<C<Jj\lJ ftf- r <L Ju j/ /) Ij f L if ft Jv f*/sM L /lj ±4 
S <^/c> jf\ L~ ^if f/J 0t j } - } j/\ f J>} O j f Jf\ ‘Jj ^i'&i L Jfj Ljrijt j)) 
jj / jf 2 — iu L Ju jjj </fJ/ L fiU S t/0 lkj A~ jr\ <jf </j t>) jS </ S /f / / 

I jr^ J‘ <JZclf f j\JfiJ S <L—)i / L <^U \f j'\yi g ^ J r * (< t- l/ Jf\ jJ. L Ju cJ 1 

.</ jt /f S jfsz jf. jj)j/ 

S 1 jj\ J)\ Jf) jt <^)i J jj J)\ J )J yi Jf)} L J~ ‘</ uJiU>*l /j\J/ S <L-)i c ? )J Jf f Jj\) ^if 

^ U ^ fL?l t/U Zl J\ ^UYc/yrL c f J\/ ‘Jj L& J±\ J )\ \y'c-\ j0' J} <=j 

j}\ J/ \f <z/ [f S) Jj </J tjJ "Ju j\) ^j \f Jj) } 6)1 j L u^U \f 6) / J)j\J l 'f' J? <£-/ A~ ‘Jj 

■Jl^ 


<<f j'jj j\J£ Ju f 7 . </ j /y* j \J“' $ \ S <—)i cf ) j L I <c_ J^U / /\ jf\ c/\ <z— f Jj> Jui/ 

7 S L)\/ c f\f Jf\ ‘</ Jlj/ L)Cf c/l) </ S <-/)j j\Jji JJl U Ijj jt j/ <zJ )) S (Density) <jf 
Lsi % y </)(/ f" 15 f / t)ij / / j)\ (J / ‘ < ~ 6)i j / V <z— <z}\/ S *—)i 6/ *> </ (JU /i j <z/ 

■J* 


L <^U \f if \j) 7 'i JJ? (J <-.\/. jt Z L Ji( J‘ >Jf <£^ \J UL“ (J>U (J <^->L (J/* yi i J >J yi f -jf\ 

/ yi J)\ f/ L <kf L j/J 

/S 7 % <sJ f\ ‘jtf iS f~ J S/ Jifi fjf J/ 7 )ifS f »77 JJ 
jf\ f <<c_ 6)ij S' c— <zf ifl) <zf S ^UI f f </ j^/\ J\ j\f\ f J7. <^>j) Ljf\‘{yi <—f j\j I 
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jf jfl cl- / wlJ j>i J) f\ <S 2— lf s? tj) / if jt Jj jt~J jJl 1^/ / o)l j 

/ J/yt J) / j \S jJ. Jj 

<z+s!j ols. j)l i? ll) jt jf (jUL j Jj) JlJtf S <jl- Ji> l^(Theorists) J!j/J J $ JJ 

Jjl. S jf S <Jsi J)fi jf* S f /ib J)! jf J/Ij jf ‘J? Jj)/ yi <^i/i> jf* 

S J*. S S ‘ t ~ > jS 1 jtf^ j~i s <^\>c j/ S' u~ j)> S M u ‘Jt j~ S jf S- j> fj St 

) jtjf o) J )/ ‘jS Jj y )/ jt J )j S Js*i S J))J. )j\ t j!jJ" jtS JJi S d J) SC Z <c_ 

S i— i ?. )!/ S jf )/.J jt <^\}C jt Jij S Ss'jH J)j 6 jf jt jt Jt c f f' 6) J (Schemes 

ft ‘jt Jj jt i — f Jt ir f<zcf'i S jyi^} jS jt ^-i) j*\j jtf^ S~! j>S\ e / S' S J*. f 

S i — /, S ir j)i / jf j jj) j\j / (f S uJ jt js'j'. f\r z ff <Jf S i— & jj) jS C C 

kjjl <Z- jt jff jf S /f S- f f J}. jt f)> <_^L (J, LL- C )/£ * <<ZL- jf j tU 

./ jt <t—ji <f- j!jJ S jt <^}C 

y !s: j\jl C <Zs\}\ } S J~S j j ‘</ <z— j!jJ S c~>l jt <zSC cf C (S< <z- jt Jsjf Jj S )Si 

ijj Jt jt LL. jijjJ 0) S C~>L ^S J* S /j ->L ‘J f S}‘ k 0)ij ‘Z- SS lS l> SS S ^—)i 
j) i tjj) jt Sif S j\ y / X fi)jt<L/S j/t <zs\> c p. ‘S t— if si | 'j/ zui <^} i jjS j 

L>f\i S)(X t JJ 1 7Si SS Ok S/ S)\. / <£— (Jlf S" S <zS ifi J Lj j)l </ S S~/ (JL ijj 

Ji> ‘/ lr si /^ jl^i S / C jite} <z- )j S ^js 9 ( 5 j i/ S /S S 1 ‘S i— If S i* ‘■yS J / 

<zj/l i sS S J\ jZ. S S~/ S )i/ eyt c -' sS c/tj jtz j£i C <^\C\ } S yt <i ojC L^i eX </> 

■f ^jjj k S yt o)i j l—j2 <z— 

lY * Sf C Jl ‘</ isi (Exponential) J\J <^f jOj S Z±-} J)f S SS S " li jt <X/ S j\j/ 

jj ‘<l/ Irif a>} j\Ji C <Xsi } <S)} S Sif jf y yi f S <z- Sf Si /ij)) C j\te} Si S f- 

S" jit i S L^iCCffiXi j)i J>. <X Sj X ”S ' Xi / S j\/ S / * C <±-} jt jiji i /i/ 
Sjj) C jiS j)i J>. <S / S </CC j)i ll- Jj 1 7si J r <X y* j\j£ fi <<c- Irl pyt S)) S) (Jl *j) C jif 
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(Jjl? jj ijf )i i/ S 'yt Jj>) fj f Ju- jf' y )) f )i Jkf JfJ J Jl y J l y <^_ Jj jtJ y J)) 

(Jl (jiJ y <^_ Jj JJ J'-IT J/^ u^lf ^ e-J& ))f(J U (/ /'l /l IfcU (j/ 

/ )j* (J\ f^tr f yt (S~' \J ' jt Jl ^fl e-yJ s f f Jt y ‘t yt J c>.b )j* (j/ (Ticks) 
A- Jj J y J Jj Jl e^jVi Ix J l/l J/ )li/ js*l <L JL*I <LL*} J)*i jh . fl ‘jj' Je (JlJL (j/ 

dI j c— oc/ti J)f y /i fj/ ».>l j l f/ cJr jj? f) (J-iy oLti Li / f j. J- 5ikf f 1 jf 

j\ f S J~ (Jr J^jI 0)1 j cj. ‘jf J t yi ')\f f) ^jy^i t f\e f jJ f j. i / »i>/ <^_~ u^i^L^ y <^_ 
/l jt> ‘(fyi <-c/ L jj) J^i) J)f f \f) * J£ j J'l ‘[j (J>lf >lk( Jr f wL j jjc— f 

J)) 9»L J f (f C— / 0 )P.y J Cstj jt (Jl ‘jyt jjf jf ef c/. ifl f £ y C- S t if / Cstf 

/£/u I'i/I feJfff'jjl jZ cjy* J'l‘C-fJ 
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jj Jl jA jf jf -» D. jf * f *)r 't £ f 1 f) 0 ~ <c — 4 f ^ k J,J ^ £ 
Jf /f tfj* ^ tu £ j £f £ £ Jifi / ^SSjfj) ^ j) jf JyZ(j>.sS 
£ y <£_ Jl f\ <£— )hjJ Jj ijr Jj) ftfyt * S^ l)j\i<~ t "'j'f £ <££)>jf Jj ( JjJ Jl / SsL f\ £yt 
}c i j *J\i JL S <£-/ )sjJ jJ jm Jj\ f\ <t ' yt j)/° <£)) jf z [f <yt l£\ j f t) <z~ig <Jb f j/ 


j <Li) f*Jt l'ti / (J)i 


tjL 



y 


J&x j cj. f' J/* <£~ Jfr if\ S S J\ /S ^ ‘SS i}yt <zsL jt f" y jf <jj\ £ J) J Jj\f 

J 7 . <z— j )f)f<£ xig f jtj £ yi ^j/ f j) J Jj\f ji 71 fj J'-ir ^ (Jtjy jt <y Jue <£ £* f 
7 f\7 J\ jJ ‘f- L 'f*J/ cJyi j.\y f L- yt J /^7 S jtj <^tr/ ^jS f J)j J j\f J7\ l \ ) 
7l)i jfjsfj j\j> Z ~yt <L-/Z jtj y <mj 1 7yi Jj jf~) (f j\7\ ^ J Jjlf f\ )7.) L <£ (jL'iy /S 
y\£~ ji^jicff^ y / jt j jjy' Jj cj. <z— J\ f jtf jJ j/ jt J\ <S — / L? jt Jjm 
y Jfcj £yt Jf^ f\ jf j) Jt SL jlJI f y y fLc ji)l £ £)) jf 7. S )S^ t £ f/ 1) jS 

.jt Z~f i)\ jbf S jtjfS fj\ S j/ J> f) j)\ jt L.f\ SlZ 7 l)L 


j)< Jt <£ Jf c — /J ‘jfjf / cjIIL? £ jJ. Jj jJ~) jf~) <S\ \S £\ cj. jt /ff* 

* — ♦ ** 

J £i tJ j ) J c — iJ J\ )j tj\)\ Jyt £). J-f jt jjT^) bJ f A 7 ‘JL. jtf (JL? * jf ‘<i~ ifyt <Sj L~ 
ks)\ f J\ j ) I [f JS t S jj~) j\/ J ) jt £j £ J[<? ‘Jj cmj £ <£) ij* <i — jJ f/f 


I 
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"f- Sf f f/- ^i ¥ 

tfyi U\>f. <J J 1 — f jii <c~ <?—/!) Jj f f/i /I/ (jr* ‘fyi J)/^ jt jiS <~J. cJS 

* jf J Jyi jt jf*' & ^L c/L ^jif <c,} fU?l U Jytif L '~ U^ lT U-^X ^ U*I^T 

S y„ c^L u'i vl^i I/ Ul (Jui Ul (jlr lf^( UU U f «J- U-^ lf Z_>? ^ l — -/'ij ^Ti 

Jf f j/ f J! S LJ? {}yi f ' JJ JJ cjf S cJt “/Jjytf c~J/ jf jJj S )i kv 3&t 

.j jf j h s. f Jf.it c~ (j)iji oA j o) j)i S L- if &x f Sf^ fs j ‘t—z” 

)?.) l ul (Jiyi* y fi/ (3~i Jif i k-Uitf ^i'i <^y JjU U u-^i^ ^y! /* ^l ^ u^ -u (JjU 

Jj <-jfS ji) f jJi o) j)i c~ jJj Szjijf/f/ (jL'iy S Ji jfi ff 
♦ 

Jj 2—yi f j. j)l Jj JZ-j 1 . jff jJyi Sf. L J>jJ o) / d—jJ o) / /J Ul (j)j c^ c/f ‘Jj I— J 
tUj j/\ £- Jljl S jjiS fif ‘ifyi jt Jf S Si oJ j—yi <f ^fl <S /J) Jl Jjy' ‘Jfc Z_lf 
^lf (jfi <c~! Jyi J>. )Z.Z jt f/ L JiSf fjirt L L/ j)l t LJryi f jij. tjj^ jt Ju jfy jfj 

/ 

j' J! U_l jf S f / S- jff jf t 'yi jig)) 0% / L-j Jl jt c— i'ifl U_l Jjy' S jf f'jl) jf 
J)jJ ‘yi c- Jl S i'lHj (Jl£ J J)jJ jf t J! S t yi (f * ‘t yi i')J t J< c— J)jJ f <i _. /)) jt 
tj) / ijjif S yf lS (~f) Ji Jif. ‘Jj 2—yi t—yi <J~m c— rj fif i^L <l~jJ » jt fi& jj jf 
c— jt jS* <Jf\f Ul jf U f'JI )) <Z~fj)S)S<f <i—/)) Jf ‘f~ t*lf L) f'L t ff <Jy <L~ (j yi 

‘jt J J c,jy* Jf ‘lyi jJ I t /' jf f jf U L/ j)! \j ff j / yj f~ J j J)! Sf JU* * ‘</ Jf 
* t—J jf / f (f f ‘f~ (3 yi lC^ITL JL t jt J)S S ^ J 2 L~J L)fj!Jl S f Jfi ff fl 
P> f j/ oj/J Jlyj t Cs} jt L <C~ f'Jl jt <S j jj jj)) j)! o)J ‘S~ Jfcj Z — f Sj '/ jf Lfl fJl 

jif S ji Jf (f jlS y. j/ (Jtiy S (Le) y jj fS S u* ^ui f f f~ p^* * St t ji ‘c~ 

^UL <J~ <l~ /)) S" j ) I c~ (3 yi l/L <J~ <l — tJ jjl (jf jL'iy bjL J jt jJ c~ tipyi fj) / J^ j oj/j Jf 
J <L~)J jt U> J* J? jt <cf/ fif ‘f~ t Tlryi ojeV <L~ Cjil /J t (i& 2 f~ /. c/. J>) t J>) f 
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(jtiy j >i jf V / ^ ^ (j^ jZ //- i/> ^ <<l Jfc* J»i (J i_>? J/ J* J'-iTL* vii c^/* / 

irif jZ j/ <^5 /\ c— ij i f\& ef f f/ff) / f* <—/z Jt'iy ojIj $ i S 

.<l (jj jy. £,UM (/ (jiJ (JL/ <z_ ^ (/I 

L ♦ ♦ ♦ * * 

vji — ;i> bj/ S S Jff* ‘<z~ (f J& f jj£f S S l/ S / J — J if <S t S (JjJ 

v' ji jbv S J* jfi ‘S js; j—j ^S jt j)& S j Jj j} S j'fSSj 2 z-\j <S <S jS lTi J-tf s}. 
(f S ‘S J$ j S/i <j- )J ijifi J>fl jt Jr^) (jS 6 ) zff ‘<z/ I S Si (f‘ c— J'fSS j/ff ['flS 
(jL f*J?i ja? /> p. S S— S>) ofl j jj’ <S> <l / tf/.s’ j jt <S S S/ jfi Ssi c/. 

■S i/i>. Jsi S. tL—'y. <L- k j‘. J 'si } j. j)\ S SsJ'-'S sj S J/ S jSf ‘S (jJ 

J jJsi S. L-f/. <L- k s. jt J / S jjSf jJ’ (j l S jyi) <lS ‘<l i (>si jii jZ j ^l S j/ 
jfi ‘<l (fj s Si? (jtiy t>S J~ J^ S 1 j >\ Jj Sz. jJ (}si (jiy~ ?. jj )P.p // S J )p.p 
S jj\Sj A?tfSL?ufyio)iij/ SS t </j UjU (f * «jl tjjSf Jz fJi tj > 

<S jjUsi lS s Jsi S. — — si SS. * A ‘t i— lf J SJ/f S S LLj SS ( (J 'jf \JZ <iU Jz/. JJj) 

jS fO'l t jlf iS Jsi S. * f/ S <l ff fi jZ jfl Jsi S. l k sf L ojJ JiJff ojbl (j/ j\S S' S' 

<Ljl/ L— jZ J'l L/f.fjl ‘Jt J? f ”S." ZJ J st S. SS Slj) S Sf[ jf jZ 1974 ‘<l 

.<L S‘j (j Si jjif jljj/ j jf (f 


S * ‘<ll Slj l S 

~ — l ♦ * 


} <// y j/ / ( Hawking Effect ) sl S\ 

si )i / <-^i ‘iP S ojS (f jZ Jz j f <z r f S jitef jut S jZ uJ> if jf <l. ji> jf* Si 
S Lsljj tj~! c/ CLfJ f Js*l Jfi S S S. J/i ‘CL (S | 'J6 Js*l ‘Js*l j)!/ t j J f k f'} 

f jZ S Si jf S S>) y j/ S Ju* ‘Sif S jZf jf Sj S lS 2> jlf S>) S. f Su> f 
(jtiy <L>jj f~! c/ f ij) ‘jf'u S jS yyi) Sj S jijfj j S S f Jtiy S/ S jifJi l jyy 

,<L (jj t ifjil) Ijj jZf I M /Z / Jfj S S (f’ jj)! " 


I 
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j) /&>. jJl d- jt £ <^_ L~jj iJJ Cj 0 £j\ f* J* * ti' Jtlj <jj [£) jt fV <_J <L £ l <f 

f' j£ ^ (Quantum Vacuum) flU {jjJ J\ <<^_ j£ jj ^ljj j£ £ /j <£l J>V (J^ ^ 

j£jf/ (jb <Lx/ S j& di-’ f. £j\ f. f S j v £ jt j£ </Cj 

<z— jt nlyl Jl <■<£_ /l>^ cJ/l (j^ ^ (j/ (3^L ijj jJ /j y j f / J\ nl;;l /<♦ <^_ (JL 

L~>f y> J/ (J^ (jjiJy* (X (J(>*j“ Ji/ <^_ Lyi Ll 

c^< y (Jtiy (X >Lj 9 vJ (J? /J <<^_ tv/U £ Ji $ \ jje/ £ Jyz £j. £ ’ > y/ »jL j j/ y (/( 
L>l L (/"■ £ jf~ ‘£~ LV <_JL /^ — /3 £ ji\; (jl-iy jJ. £ jJ <^_ jj 9 Jj £ £ if- / f 

j £ £> jJ;\ <L_l 9 ; £ JJ? £ (jtiy j \ £—£ j;j< (J f S i—jj j£ £ jt fjij /^ jj £ L-Jyi 

f b; j;\ <i~ Irl ?yi £ J / / ^ <l — jj jS £ <^J jjj? £ £ <jJ fJl) LV /j** £ £ <: — J Jl £ 

.<£_ C Zj f £<&;?.; Sjf^ jj ; 

£j. 9 ; <i _ t££ j / / p. ^ <L~jj j£ c— £ £ 1 — £\;\ j } ^ (jtiy j\ 9 jj j£ £ jiu £ £J\ 
j£ £ L / ‘<i- t£if J\j/ jjj ^ Jyz £j. J\ Jtiy ^j^ ‘ <i _ 1 7yz a- ;j» £ J\ j;\ Jt ^,} £ Jyz 
ijl j j; £ Jyz jj. \jP. £} J J\ £ i /£(£ } ‘J2 £sz J\;; jt J j/ ;Js P. <i~ I ~yi l^. \jP. ^ n\jj 
£ Jyz £ £ jy? f Jl J\ J}\ jt nljj £j£ £ } / “/ \yz \M. </} j;/‘ j;< jfi L £ 
£ Ji ‘jtij jf £ £ £/; £ ££\ “/ tfj^i? jt\ j <_jl/ f/ £ Jyz ^ ‘<i~ iru il j£ 

£ <£ <L/* £ nljj j£ jj I (jy j;\ <£_ j£ £ J. j } ^Jtiy ^ n\jj jj;; ;P.P jt J;/- j;\ J;jJ\ 
£j\£\ <J\±££/ift 9 ; j;\ <L- £ X; j;/ £ </ £* “/ (jlf 

<-c/ £ Jyt £ <^_ (j/ jj S ££\ /t> “i- £yz jJ j\} c— Jyz £}. t>;j </'/ <£ JJ . 7 <_^l/ j[)j 

i; f’L* ^ ( Hawking Radiation ) J~\ jXj ££\ / jj^ JU^I J< ‘i/k LV )LCy jt S ^ki j;£ <Ll 

.<i~ IrU 

t 

j£ £ £\ jt u^iiu £ J/* lv j£ fj jj^ J[£\ j£\ jt ^j/ S j)yz £}. S/ j ? 

lt ^ V i *• * ** * 
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cl- J\ ll/J>. S tJ-rt S ‘f~ Cf f\^& l/^ l/ [jjl/$l ij‘ Jyz Sk (/ ll/J>. tS l r*~ X. Jfc’ f 

L S j *? S ( Event Horizon ) (jl J ) ) » S^s \Jpf Ul Jfl <L jjl /S\ jS f j o)lj y c_ «L; 

(->( ^ J J\ jlr (j/'”' J ujJ’ {$/')) 


jj fJ* S S's. l/ (j^* y cJi (X lT>J (X l/I vl^i I/l/i L~/iL ^L? LPl »vi (J? J/" 

l/ i_JJ l/ / (jL'iy ‘S / /* J S l lT>J (f/? »->Lv L X(// <<lu y S J" ) jL'iy- <£l Jy*l <£l 

lT (J l y^l J><£* ;i( r i S Sf ) jL-iy y <L> (Jly^l 9>3 /1 ‘■<l> L~>? J^* y c/U \jS S ^ J 
c/j J^ <lu yr J y <lu (jLJy i£* c_ l^ <r- (Jly^l 9vi >/( <J) ‘S*"‘ jl J jL-iy (JjL-'* <£l c/Lp’ jS 

L l/\ ‘S * J ( J>*; l/ ^ J J- l/i L L S ) >»! lT^ »»l; (/’" jL'iy ^S L/ 


jS S \j/. )) J S j) <L-j', c— clSJ> ( 3 jX?f (j / 1 y i:/j/ i£* <<lu // c/U c/t- l/ < i_J /1 jJ /. 
S Jjy j)\ Jt> <c~ Cf f \j/. lS i J*z L). I/ ll/J>. J / L l/i J llS S/ jS S jS ‘L 
jJ) l/\ lX ^js* l/! / CS S\j< \jJ) ‘J' l/ k./ f. > jf jS j)\ S tjS J Jy? Lj: J’L l/ j/ 


.(jjf f [j‘ c/f. L^jf S 

ji-f J jL*iy S> C—x jji? <z~ Jsz L). ))// L <j// L L) <ijf J\j\ jj JS Jl/^i 1 4 ”f j c/f 

JJJ) tz~\ S £~f/ * JiS j)\ l/ 1 — S J/. S ijj^ tj S\ j)\ jt> ‘LL. Ji> CL- jjJ tj\jf\ S f* (S 

jjj) ti(ti/J / io -13 jt Jf (f~) J/ jJ\ L <^*J? jSj <L-J S jU jt llJIJ^i S 


// S SJ\ Jyt S). J <zS S J js SJ\ l/ /. L J\ j) (jf) jf J) jjp J~ <^_ lr>? f)\ cj. l^j\ 7 
f* Ijf £ ‘LL- tsi 6)1 j ^ J\)J)S JJ J jS) JJ/ Jf* j° jj/ <Zsj\7 CJJ) J J\ j)\ <i_ t"S J S 

J L~fjj\p ^ Jj J/ <z— jt js^ jf jf jf L ‘-Ji» (Zsjs* S j J J VJ\ <S\ 


jj jj L Jsi f llsJ> S Js S). S ■ z SJ <=— S (Jyl /. £f\) <z- (Hawking Effect) /I Sf\ 

S J7\ S (jL'iy ‘J/ 2~/ / 6)\j LL/f S Jfs. l)s‘ <L~yJ S * ‘-ff' ‘<l~ L>/ f <z;j\7 ^jj) J J\ 
j\7\ S (jtiy jf j> ‘ll~ tf Js Sk (jy ‘<lu Js [f jt jj.//S S) j> \ jLiy S J> j~ ^js" 

LLSj> J)\ LlS ‘LL- J\> ji CL>/ j)/t S / L /! f*l /f \ ‘LL- (Jlf f\ S / S J S lS J" f J )\ Jf S 
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■</ S j j/ c- L/ U/ 1 j>j tf * S 

ijUl <£- 1 [SU&rt U'*' 1 L-7 jt jjtf t//\ JjJt |^1/ S </ J " Jf {jJ <z— yl <SS\ 
f j\ f S S~ jif Jt J~ jj. S jJ ^ ' yt jiji ‘Su ^ Jtiy u ^ S-/ ) ‘S l 0 oj^ 'Sj tj j 
<i~~ Ct' J*i Su. J 'yi | A jj/ ?. f* JjI jUi S jS jf \ j / JU Sj m <S S jhj JU uf Sr 
<^\J ijjl JJ f'/l \SS J^L jj S </ * JU' ^ J! j LUeJJi /J^ / Jj€ Jt <z^j! 7 <j/ JlJL S sj 

jj4 jj tU[ / J / sSjj jJ S /“ \ j~i jji S jSs^ ^jU j jUi J <z~~ Sjt. /j*> jt 

iJj / i /j^ S </ ji ~*t J jJ <S\ ‘£— jjjj Ji/ S tty ji iy fi/ S ^kj L'.tf /j^ u/ ji ‘S 
jj / L S jn jP.j' 9 /j& j^ c^L jS <^j/ S' z jf jt S S Jjj~ L j jj S? t~i f'Ji t—jJi 

. t LU fJ'i j! } iZsJJ* S iZsjlJ Jjl S JJ Slj ^ Sj j Jj>jTi Jl jt Jj% S 

io 66 \l/ o~ Sj'i /j^ jj'i s. s ^ iZs/ S jjj^ ‘^l. jf j/ s i^s s </ Sjj i^i j\ sS\ 
* jt <i—j\ S <£-/ ji Sj'i jJj. S jiu io 9j f Sr S- S j" S i? S <sf . 4 Jj ^ S Ju 

Background) j/S jj^ ji jjlt <^ jU jjjj Jyi Sj. f / J S <z^j/ Jf! S/ S jS 

S Sjf tvlj <z—Jf! (f <^S Jj\j (jL'iy jf Jrt Sj. Sj <z*jj/ < yi Z ojlj <zsj!7 jjjj S (Radiation 

Sj. <</~ ojL J 2 —~ J> jt c— f* iS' Jl <ZsjU ^jj if J/S J! jb Sj'i JjI? Sj S Sj S ‘ (f <S 
/ j/S ji jJ. S Ju io 22 ‘jf sSS / j/S ji Sj Sj S 1 — / Jj[? Jfiy jj Jyi 
U>! y! SS\ S j ~ ‘S Sif /s. <z— jb Syi <-*jf Jfiy jb Syz Jj{? <z— Jyi Sj. Stfyi f &! <^j !7 j>jj 

.jS jj Q 6 jf If &i*i S jt <Sf Sjj 

JlJL ‘S jyi <j~ <z~ ijj / S S Jyz Sj. _ — / fi)i y yi /0 if% ^ Z\ <<i _ Sj U c/. If /Uj if~‘ 
jp.7 S" \¥ ! J> S t <l — / lyi J 9 jl / j J Sj 1 1 S jj Z jt jj f ^lj Jbl t j/ <S SJyz 

.</ Sif l/ jS / JjjJ Sbitr 

^uSji/S 
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djI) \ U~ ^ f. UUj) f j) tff * ‘jli )J ‘J>jJ Jiyj jf? f j$ jt jjyz fj. dI f*l/ 

f J?. L A ff j)\ J)jJ jl) f') ‘JZjJ ‘j jf <L—jJ if /. jj) )fj)\ \jf t»l j jPJ f— J)j J 

< '- t 6 yz jjf oJ if * f‘tfyz L'JJ j/ yj 

‘Jf f/ f f j)\ c— jf ‘o)l f't f kyt ^ jf ‘</ tj J\) c— <zsf/ \jf jf J/ 

l'lc j>f\ ‘C— fif f c— j ^ <f [jjf J/ -Jj j/ \ j)\ if \}f ' jt c — /L <L- iff* ‘C~ 

\J J'l jf </ Jlf (jjJ j'J J)y. jt cslt/ <L~ t (Sub-Atomic) \f~\ ‘f J >\ f \ J J ^ 

jf J2 2-yi <L-jf Jc j? J f f c^lyl (JjJ jt csjy* f f'JI <LLlg ty f ./ f'JI l-Z JlJl 

.Jcfj^T^ jfj jjfjt^/fc/. 

f c^L'Ka J/ ‘jtf jtf j)\ £r f f~ jt \j) Jjf ‘Jj cJJ f c^ULj* J j f j)\ cf JJ6 
<-^\y f f>) yt l jf f j\f o\P jfs\ f fyi jj j/ ) <f /\ \f f <l~ * fk' f Jl ‘cl ijf'lff f c^L 
‘J f) L/ jf f J/l Jl jt (Jj&k j <</ j ty yj Jf <c-.\ jt <^j/ f fyz ^l/J fi ff 
Jj[? ( Alpha Particle ) ojj \jj\ jjl * f c—'Cyz J&\ J \jf c/. <</ tyz f^* jf j/~ j 1^238 fjJ 

fij f\ f' jt J>) Jj\ f </ jy y j\e f ^i jt ji/i ff <JJy< f/ jt <~jf j)\ t—f 
f fp jfJ ‘jj <f Jj Jj j^ jig /JjJ jt j\ J)\ <</ j\Ji f j cj. \j b\J\ f j"\ fjy 
i>[f\ /i)l \j j~fj fjy <jf / <f f' A- ji jj f&j’ f j\J\ jtf j)\ f[? f\ Jj>) J\j\ (3 jt \f 

.cl t 'Jyz 

t, 

j >jf Jtfi jt fjf) jf <J jk)j m j)\ jhH j // j~ jJ~ j f j t f \ j) jfk\J \ $\ 

JL) (jJ cj. o)fjt\ \j csljj i}fj J\ f cl I ?yi j\J\ J \jf cj. Jtfi \j /\ J\ Jt> <cl I ?yz /j (j* 

** ** L y *2 * C l 

£ f-t L> tft J > i <</ Irlf i)f j)> c- Lrfjfffijtfi £L-J\/.yi)/./f\ jfjf f 

f <L-/i <\ "yz jtf f/. f jf </ 1 7yz f c/. ^f /. </ fryz jL [f / tjf (f c^j) j>\ J / 
t j)\ <</ fif f jt. j)\ </tyz f)f tjy ) f \J f J.j\J >/./ f [f' jt Jl <jfj/ f f 

jf <</ tyz f^* ^L ?tj/){f f \J J\ ‘C/tyz <f j/ jf^ <zsj\/ jjj) Jlfi <y. c^LL£» j\j> j» <f 

I 
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S * Si jt lli jf.y* J>fi cS ‘jC f c/. c S ^ — 4 S S S 1 S i/i 
‘[j S [f' i}f S ft > f St ifi S llS ‘Z— lf & /S jj\ Jff fi) S\j/. /i c— Ju ji Jj S 
C/i Jv f djI) i}[/i if Ijj 2L J S /i if*. /.S-if\ ‘iff J S f ‘ff~ S? s if 

ijf ‘ei~ f /. Jjf f C/i c/ S c^lsl Jjf sj y L - If L j J ofC y v '^ 7 l^ JJj f\eJ.e/ 

>jt>Jj\Jj{jjfl/if>\ye^j,SlM S i){/ 10 65 0?M S^jSj JljfjJ cJlj^ltf 

.tU* fj&i if fjf. 'jiytjfw/ 

f eL~ / ‘<LL f J e-/ > f/ [f eL- /JJ f iff* ' JC S f* eS\ S tj" Sf (3 f f S" ( J* > L/S / 
lh ff >f\ S\ S</ cf S cf e/ J»\j jji jj\ k_-l f £/• * sgf \ ‘iff ' jf y jk< ^i^ jj jt f 
> ffS f f f?i jjjj jj\ yi j\j/ lf fL/ jt S jZjC S e/i jfj > Jf i jjI yi S.S Si?\ 
('lfjl \JS ‘iff LLJjf if f eZsj\/ JJJJ S. C/. eS S (Fusion) j'lfjl \}SjC eS c/ f jf< ‘ J/ t[ f"l 
y yi e-sj' J / > [Jj 10 1? °°° S if) S J“ [}\j ‘t/ \f. cj. Sj j\ fjj S S ifl [ffj ‘t/ jf 

f 'eL-J Jy.Se/Sf jfjJ J/ sji IjJ^Sf Sl 

LL Jl Sji (J| f / ‘S- f J L j\) y. rty Jj eS ej-/ eS jj\ Sji [}f/ S i ~ jf.J / ‘ f jS< >[ J\ (^t* 

y /\ Jl jij f eS S J (jli ‘LL S f Ss *zji & SOj C^ jO (JiiTL* f f} jf / eL — S 
Jyi S. Jijy f S i?* \f\ eL- / jj ‘Jj S jj? jf iif Jijy jj! J\y/ »/./ »*i S j/~ f S </ 
j i/l i-/ S if f Jjy ^ f f ‘ t </j jy’.j' J/l * y J - If L-J jy~ y J> S Jf\ c—\ ? l — f ’ l jt 
ll\jj f^* iff \ ‘ t / Jijy S l/ J^jf S i/ Sf f f y„if\ f.f S^ 1 jjj <l—/) ? < / 
e/l e L. <L— eL — JJ S< jf > S 'f Jl ‘JL- fi S Ji> if\ P. S f jS S S jf I jf" S t*lf L f Ji> 
f Jl f fi> ‘Jj S c/. jt SXf' S Jijy J\ /Ji * ‘Uj S Jl f^! ll/ k (Positron) J[ /ji 
f'ijj (f Sll /j ‘f eL-j Jy f S> f~ Syi Sf J~ J^ fji j S S z 1 J^K f J*? jS ll!)> 
f SS > (jtiy f jj\ ‘Jyi jt Sb f j\ f f (Jtiy * Ji? t eL-J Jy f LLlj ifl jt i^lf’l S jfr/f 

l;d S f /jf’ S jjij LLjf <jf sf iff jf i/i jijy f S ll f S Sf i}f <_j f f cS 
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fj b /i / Jq / jcf ' \j Jf~ jj * /f jJj f yt t* i ^_ji zl J^ /i if>? (jyir J/ if <^1/ 

y vf 7 (Quantum Mechanically) jl/ // (Jl/f j>\ // jJ / iT^ ' X. /J jC S (J I L/ .// 
<i__ ./'r Sf j/ ij" <s j/ J/ (jy 1T 9i / <// c/ >/ f (J? jL.tf J/ <^_ (J/ / <i __ /jj (X\ 
f (3‘ £<< <£~ iS r" (jyi? ^ (J^ <<^_ tJ'f f J?Lkyi Zl jL/y X. <£_ j.£r* fSr j/l <^_ /l/ 

— /J <sil uXi y / /vT <^/ jl (X (jL/y <<i_//U (Jl kji f yi J& If J?lkfl jLJy /<£_// (Jl£>! 
(Jjjf L vj! (Jl /JL J/* (X c_jL f(Jt <LT( Pion ) (JjjjL <^_l </f /U (J/" y /*" j/yrL!? / / 

cyf. jX. S i_ I / c^ljj (JJjj ^ <-<£u (Jlfr tt / (jtiy (jb iL / <^hj jj (Jl o> <£_ Jl >e*J <£l 

• Ut jj / '*/? 

f <sLlf.£ <^_ ^js/ f Jj 10 2N /h J_ / J?L/l / (jL/y <-/l <^_ / /ij- L JiL Jl/ Jy wJ 
if (JL// y fl>. / </.£.> IJL jjjJj /ifrr L l Jj> / /j </ <_/ <■<£_ _^/ / / (J^ (J^ <_/( <r_ / sjj^r* 
)j^J Jj/iJ^ (Jl/l ^ / <^_ J lj> / /j ^ (J^ <^_ (J J if /r> (J"/jj j^I /*!<?• JjL/i 

*♦ •• **( *? ** C 

S j / Jj (3l/ / / <^_ / VjI 10 28 /fe <<iu jlLl / c/ (3~! »1 <£_ (Quantum Mechanical 

<L (jLJy </l J l> y y /J J_ jLJy 10 28 / (/ Ijj <<^_ j/ if J * l Jjl/l / (jL’jy ^ <<^_ (/ 

,<^_ jrr jj^r* J/* _< / (jAjy / <i_jL <*\ff 10 <<^_U L‘J / Jy / J?L/l 

>1/ (j£>! jl /J ///!(/ (JLV y (Jrl* (3/ (J‘ </ i_r? J/ / <C_/ /I <<c_ Irr / /f 
// /i y <L //* /) </ /. / Ju io 32 >y io 30 ///^/^ (/<l_/* /i 14 j q 
ifj^ i>l/l<LJU 10 32 ‘/ ^/ / Urj (]l/ w / uf^ f*fj\ (f-J U/ JU 10 80 
>/ /l (J^ <<L (Jr (/ <=_ iL/ /l (jLJr r L </l J\jss <L (3>*> (3/ / f* L ^ I / <^_ * </U* 

?/j / u/ cfb/ 

jj <=_ JJ. /c/T///‘c/^! jsI / / &asl f Jsj\y /2Lf JJ SLff s (L L j/* j\ 
j/ > <U / UJ / </U ./ J J_ Z </ ./ ohj </h JL <^_ JL/l / UL’jr / oiJ! U 1 f /' / »^Z* 
<^/b L L ^ /I /L/ (3u/«p /y / / <L>*/’j jr' c-s£s <L <^L Jiir J JjL/i (JLV <^_ 
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2/j ll > > / jf (Jf* f~ S <f~ f~! c/ £. z-Jj yt jb?J, f ^Ld 2—\> 2^2 <z~ J* J) f' ^ 

(Cleveland) f jfj ff <Jf J <j [jj}/ e L'lf 1 f jtj jj f ll[ f <f JL 2 — / f f Jjlj. J'l <Jj 
y JL ij^ij j\?l Jf j\/i Jf 3 J I (jLyf <\J bf bf jt Jl { jj\ f ff y (Jl yf \f [JL jtj yj jt jj,/\ 

ZL (Detector) o/f LL>j L JJj fji / JJ >fL. 1 J \f f j jt l) </f Jj /1 1/ 

* <jS ”f>" j 3 *j sz jf* 03/ ' 2 fL jt Jj) jj\ jjj l/i / j'k J f C> jJ S Sji /i)l ‘LL 

(Pion) Jyi J2\ f c—\ / ll L~>f J.U J~ * J jj) / If Ji>j / f\ J 22 J j Jr*\ J< ~ f. 

(f~ J)?f J'U jj (JL'I/ S>\ Jljl /. jf L ‘<JL- /J J Jj\e J 'jj\ J)\ <L— jt jf <l~\? L'U. Jl kji Jj\ j)\ 
(L-jp. <J J\/$l J>\ J\ ijzJi f\f<L— jJ~ >c jtt\J L jjj L f jt j\ <L- <_^ ‘Jj Z_lf J> jt /j jf 
J <C- Jyi jVb? ZLl Jl fji j>\ Jl /f\ J/L~ * f \ j> ‘Jj llIj) J'U Zl (Jtl/ jlfjj P. Jfc Z_U J> <=_ 

l/C", / ^c/ <L jDj S(f >jf jtj L 

jt Jl <</ jjj ijj\ S jDj * <L <L <l — j> fr jf . j>\ </ & <z— j[)j S jjj (3 jft f f j 3 jt fiU J >j 
L j\) j S S >j jt (JL ll\j> fj f\ <_J <</ Jlf 9 j jfj (3 ft f jl/i. j~ /Cj 2 CJr |C, ^ — jjj j\) j S /j >j 

ly uJ jf </> ‘ < / o)ij <z— j\) j f f >j jt (JL j\)j f J\ f £ y< * Ijji / jt Z — j llL 7 <_</ 
(J j[)j S <L-J) (Ju <L jj\e 5/ (f jf j\ ‘</ ff\ M. f. iy* D) / </ 0$ / <L- j\)j S j\) I jt 
2 — f Lij) <L j\ <ji ‘ < / tfjj\) j/ j~ j* (3/ l f\) fji * / </ (3if >D*> f f >j jt jj\) 

l/l / f Jj\jj uJ f /j j\ -yf JJL 9>/i <<£_ L~lf l/ 1 ( Cerenkov Radiation ) JU^I <-)f /f / f <L <L\> 
<zJf jf f ijLkfi L jt>y ~f. * t>\> J/j ijj\f jyj'. jt y^ji <^_ jf* j* J if f <l~ f / f 2—f) 
j> / k.)j <Ll> Lsi jj\) ^ 1987A \)>> f L J\ JU L fj? - ^L~ <C jsf> L &>if 
<</ Jl ?yz f>ij3 % J>\ Jf jt J* L Lfj iL~ f /. Z f </ L~lf yt J\ /j\ jt j/J ‘L f fjj 
f </ fyi f <-fzy | f jft ul jf <-<!/ ll/ (3 J f c— ll[ f <L\> Lyi / Jyf j/» /f pL~ 

<<^_ D>ij cl. j)J 10 32 /\j» If (3>*> f Jl f <l~ f » f fj* m If j\ j>\ ‘tyi jtf fbf l if Ji>jj 

J/. jt f LL f jljl jt> ‘</ 9->L> <L— Jyflj (Jf »// (Jjlit j>/ if i?Lkf I j\)j LL^ <L— jl 

/1 /f Z CL f \t2f jl f Jt>/ ^ (J\? Z J~ 
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t jij cJi <(/*" j> <z~ ft <L~\> Sst j_ f L'ii jy jjf/S Jf S / uf\ u ^Ji UUs. 
f u^i J jiX?: <& >& J ^t 2 * (k jyy jfj j>/tu"ri jfi jV^ J* 

‘LL. jb f (Beta Decay) J? \k?l U. J (jjXjf J>/ > Sf / j <r-^s~ f L \ f Utlsf J} i uS)S n 

/ uf/ b\£>\ j\ <S <L~ <£>) L—jf c/. (jfy * </>. t st / <£>) ifi b\k?\ t u^>u <z— )j S <z-\ 2 / 

t Jpik/l <L~ UU)f. if y U& Si fsi llsI? hJ* ‘Z'U/ * L~ (Grand Unification) j/ (jy L\ff\ / 

J (j) ij f z S ?. <z~ Lub <f S (f uf f <z~ Lu\) S <j/ /} u&i 


S<L~jj)S fjJu t <?Uk/ i/i <z~ S uf. 1 hU/\ S u^u ijf uf JfSSSJ * 

t UU)S ‘Uf 42lT(Ouark) fj\f , Jjf <z~ J. f jf <z— lZ-Ijj j)> / * ‘<lj S? bjj b)1> U t fL / UU)S 

• l> i ** C ** V 

UU)S / ‘f~ Sr if S*l) (jl fj) t uff Jl <z~ U~ O/* Us~j Uf> S }f / S ll-IHp S / 

jj UJ'i S (Quantum Mechanical Uncertainty) jf fjt jS jjS f. <0~J uf Sj\/. jUI S 

tsi l J f j csf. ‘Uj I~ J I csf. S /} )) <z~ S uf jfS f \J > ‘Uj 2l~j Z — f S/ U / 

l£\?\ ‘r r ~f L~\ S L—/)J /l * i/ S <l~ i / uft ‘Usi ‘~cj /. 0 J S OftJjlf U/S <f~ 
S ‘Z'jf* ifi ‘ 2 ~ifi S \t s_ (jyy f'i/ j / )) ‘</ (3 si j/ c/. uiZ c^jjj fif z. ‘<zsj jjj (jji S u 1 S 

Quantum Mechanical) SJ jS jj/ Sk/ j) ‘ Uj 2l~) J. js: J. U S Jl f jf Jjlf 
/* Jf 6)1 j c/. </ Ct jsi J. P. Uf ifl ‘</ IrU i ft jU\ S J jj\f ( j jj * c/ S (Tunneling 
hU/\ t U^U Si\) i/l </ tsi Ijc U[ fji. Jl S„jS S Sf ‘ < / L~l ffSi f)J*J j b) jj J)\ </ I "Si 

.u/SJju 10 220 fS^uJ io 45 Ja if\ j)\ </ tsi ufi? /f j\f\ 

‘Uj 2~si <-/ / ^lsl }‘l u j/. jfJ* S S if\ J Z s/f f \J c/. Jf\ f hU/\ S Ui i} U f 
iff S jtf J. sl if j'Ujl eUU <i — /U ‘S/ L*l ffSi /jjj J^JJL <z~\ j)\ </ I “si /* Jj wL fi/ UJ. 

t fjjj S (Jt i)S„ f\ ‘Uj Z—f js S ^IjU. r Uj Uj S t s: /f / (jy ‘S uj/si <~/\j Pi)i jf b) 1 — f 
f f ‘UJ £~J si f \ Uibs uJf~s Jl Jl JU <z~ S U~j S t Si * t /S si / jis 10 32 S J}} 
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•(J?c^J/ 10 33 jt fyi ^ ” /j' " iS (jLb/ V (j* jt? b\? jJ* J)l i/' i J?-j J 9 ) 

cf <£l Jr*! l/ ^l U? <L_ <1- /J j/jlJ j) JlJj ‘J3 jJ Jy * l jf (^l J (L—jJ JlJj 


J y Jyi /\cl~ J~/j fl JIJjC ‘f 6* ”JJ' " f S jJOjC Lf (/< Jj & (jLby; 
? I <cJ <z_ IrT yJ jJ‘ ojI fle J 1 10 48 ytfiCL/jlg)) <^J>U/I jt i5 J>! J&2-X 

,<p L*l pyz /jj* f yt j\ & l/ i>Lk/i 6fj A k f L'U/t <_/U /• 

<zAjj J~ J 3 / f yt jJ * jf l / l ‘Jfc JJ'ljj jO UT 2_y (JLaj vjl (Jly/ <_>/ JJ iL 

Jj J / f(J? ivtc (jl /L>L j>I Jy'i T Jy (Jl J/ /<^, li> J Lfe if <ki A f ‘JJpyi Ju J^ 

J,J> <<iu IrJ ^jf S J—jy: Jl lykJL Jl /•)< L (jyy w J b) J)l ll A c /‘ (Pion) (J J L 
<^u (JI/ (JJb <'lT I f (J? J 2 ’ / y/ J (Jl /bvL / jfr JL <L 1 J?Lk/l /1 (jLJy <>? / (/•" 

^l>/ J ((Jl jJl ./ bjL i) c^lvi </b Jj\g (J F* vjjI ((jLb/ / bjL J Jj L~) c^bi Ljs Jj\g jt <z>b / S 

‘/l.V’ t 'yi /i/ ji A f (jyi j/*i j)i (jyi Ajl (ji c/i/></ LL ul/i J^ <J (jLb/ y <-_u (jy <<^_ /i/ 

<_JU J S/)) i -J ^ J$ zL (Jl /L/L vjl (Jl jJl (J 1 (jy? ^ (Anti Particle) »A ></ l/(Jl jJl (Jl yL/L 

(Jtiy j: J" J(jyy y j% 2—fCf )<^/))<Si^< r /‘c r '^>yiij/>jt4^f. ^Jf l/i f (jT 'ZL->f 

.<£_ L“>r (Jl/l i/ 

bj Jy £ jv cJLV >y (ji /£i / ^b// J/^ /<^_ /u 6 ^ <-_ J^ Jul> 

) fi> (ji /iL-(ji /£) / <j~ u & Jl /ji >i>/* £. / £} At l / />/ j 5 -J •’i/y / lJ ^/ ,} ‘-J 

(jy^ J> l/ uT Z_j. Ji j byf wXl /J c-bi (jy^ Jz <=_ <_^ ‘tyi jL lj J^ _/ 1/ (Annihilation 
Z_>f L-4 ysJjj Jl JL~ ‘Ji jL/J)/jj L <J l/^Jj l/L ;// f /tff Sf' L-l &ljj 
/U (ju<l J (jLb/ J)l Jl /$! /j>) Lj Jl j '■// J Sl ^J'IllJj ljj\f /) (f f / <~_b l/ <// y* 

/ 

4 *• 

f </ ^ / ^ Jj 10 71 jt L-t. jr fi /1 / jyi V/L >y (jyi [ /$i y dIj S <~ Cj Z' <_^l/ Jt/lj 
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/£ ^ / I (jf l llIj; <<z~ (f s (Jl-' (jJ/ l/ (jA< (J( (J^ bS/lytyj / wti cJl yj( 

jt? \ J s: c— iJj[}j c^ if ( jf hi' Ji> ‘L J J jJ* (/" (J^ Sf<L J*lt ? /) ijr" Jj\ jf \ 

J Lj\ (J\? f\ fr/~jicsjs* /. ‘Ljf j)J 10 116 S-LsS f f> s^\j) J//%J 

IrJ^ (jif^ J JfJ 

Zi Anti Particle jlIj; J* Z—l f (J( (JiJ JS. ‘U Js jJ ?& J\ /Ji j ; I (J( /J\ S c£ ^ cJ 

j>; J J, \ f J ^ f J\ J j>; Jf\ ‘S 2 — lf (Jr lU ( 3 ^ (3 J^ J~ cJl/ (J(j( <J. jjU 

Jj’f S>; c^JL J* Ji> ‘S L-h jsi f lj/ S S. (J* /JL ^ J— Sj’J cC>; ‘;/£ f llI>? 
^ f <l~ ( S>; <jf\ ‘<L-/st js. L' J^L »^L <-s> f L - 1 jf J Ly( jf f jfl? jsi j;/ f l— f /J <J 

J Si jf.s" J\ J~ji L (J( /J\ jf\ J/ jt Js^ ; f 9 -J 

‘ifsi f jf jf j /. <J jf ;; Jf jjj jf~ JlITL' Jl f Jj- zJt: sjf Jf\ f lSj? ^ J Ji> 

jf j;\ k.)J <(jyy jt j'i ‘f jsi jf.s* [f b_A s. j/S \5f* jf Jf >?-** l f J>. /f y Jy 

S c-l jj Jl /J /J <f ;D/ f csff ‘ZLlf jJ f J- /J Jjf <f Jsi (J(J cs\j; 

J- <L ‘t>; L / f csif ‘ f LJ bj f f* ji f; JlTL' J/ cj/ f J\ S (f f J/ jsi f j\ f (jL'iy 

(JL f jt CsJS* S (jyy »jL J Jsi Sj. / f\ ‘fsi ifisi f’ S J^S! sj. 1 * 1 / ‘fs I (>Si <Jit ‘Jj "<LJf 

/ Jj; [fjJ L-/;; j;\ jjJk ‘JJt;/ ‘jjl/$l Jl J \jf c/. /~ ‘<S Jsi f k.)£ Sfjj L 

♦ ' *• 

♦ 

j;\ jj)sj Jj t <L-\ fS JLk/l JJf f ll\ j; [JjJ ‘Jj s <S / / J/\ S j)s J\ /S S f 
jt (jyi /jt ;;\ (jJl /S\ J\ /. <S Js Jl /ji j;I Jl /S\ /~ j\;\m. f f t s jL>j JLk/l f j) L;/ 

.f JS LL JL f <L~; L f'i/ S Jl L—j)i S. L JV s J* \) 

ifs \jf* jL^/l SsS (jLJl L j)l ' ff\ L) cl J;j j;\ J S;)j ‘jfi l/)? f jA Ji> 

S l/I J.LJ* S f S S? S L—j\r< ‘L Js llj U <S 2/ j;; ll~ j;; ll~ L—/;; Jjj/jr s- 

.(i yt S 'tJ 'y y |-t' £ / S/ t y / \J)j J)b (3 / M 

www.iqbalkalmati.blogspot.com : jS^j; S/ 

I 


89 



www.iqbalkalmati.blogspot.com 


L j^jjj cl- Ljf LL jJ jIp 9 ) ^ J ” (J 6 " J o/Z 4— * 

b) t cL>) \zk jt J cLi? Jt Jlf l h-c/ jJ 4_y^ ^ Jjv 7 " (X (J^ 

U- l A /f ( — Cl l^ cL>) ))jf l) ^lj) * yi / J>[ J/ J Ix cJ? cL>) ,* jQ ‘C— jA cl- jS jli( 

.CL. £J>) U cj. 0~‘ S CL- I (>yi JU S ij' ‘C~ ^ 

<L - S J [f' S kr f iJr jj? J clcy^ <L- \^jj S cl. l/( y Slg, jlil UL cl>) M kfl (jlrY ^ft 

C^[j)JC^ d^JJ^ Jjl/jj yjA CL&tf c£J jTl l/?lf l/ {jJ* Ju$j\af J*c£j 

J* / J >[ jf f J J LJi cl[)[? cL UJ f/j jj.U S ^ S <Jr u/i UJ jJ J <cl i/ y jU tfr jS 

.jJ s)[c J I cl/ * J$ ‘CL. [ iyif jtf jl J J/j J 
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The /'7 <Jj > Jl Ll c^Ul L j L* ( Club of Rome ) jj j l jt 1 972 

^ i-Xl jt Jl j [f j/ j L. Jjj\ i oLL>U <w k / <w k / J' ‘\f Jis fl* LL Limits to Growth 

> (jL'iy vjI jtf j/ jL~ J Jc <jjyi cJz *-J J ‘if Jr Jf jJ S LL\C <L~ yL?j </L Jt jw jt Jy\) 

‘jtf >L A I jf fL L.si ^jw fL yL?j jtj yj JL Jt jjI J? jt (J\j S 90 ^ W ‘\f J jhj jLl jf 
jjj/ h f Jj 2 LI?. if 2 Lf i}J bjJ j ^ > ‘<z- (fj / i jf <l. jf Ji X A J^i L f f~ ff 
(jL'iy y> L jL ‘Zf Jv jtf Jc jjj/i) bj y LJe f/ J/^l c— J/ }si jji f. jjj/ Jf^ f j/i&j 
jjj/\) jf jj'/j/, J ji S L~ fif \f j/i c f jt <l — /L LL jji'i S jtj S/ fjf ji ‘<l~ l*i jf. f 

■Lf bj jf (jj\f /_ jj/ 


i—j lw JL /L j>fi jji fj jf[ JL ji f LL jjii /yf ' ■ jji (jL*iy jsi jsi S f <— Jj f jff ff 
9I4 <l - f jf <jL /^jjf S i — f ' \>jf* fi f C—sz {jj** LL jji J^ jji 2 - u LL Jc jw Jlju <S 
J - ir <_^ <jsi zSj lljij jji J*t/ S 2 — f . yir jtf 1 ^ Jj f. j& jp.s* jfjjt /—jt/z / L?j jL (jtiy 
<^_ tfjj fji/.JL jjii t k s, c— ‘<l~ jp .7 (jL*iy Bjij jf //— /^jj/* jjt/i jt jL (Jtiy jf fj 

<fLj! ‘^J^SljftLLjl «wj wj f'lfl fL wj\a Jl/cj.jf f t / LL ^ j! 
cs. S LL Jt jj<y f\ ^L** ‘/L. /^jj / 6 S <Lt) / <—J/. f jL i/ jji^ I jjI jj Bjij <z- jf J 

jjpi f jji jf iJ jt jji i jji L i—j Jjp jf \ J/ <j f <jf l y ir / jij Ls i>i 


I 
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(jyiT lyi jf ‘jf t 'yi /j^ I/ jS\ 6y </ y <^lf /" /^ 7 Zl (JL> 7j)( 

L~l^ jj? j J\/ S JS {jjlfi £ jf ^ / 


ifj? j\ ‘S J * (j~ <-^u S ^ui/ (j~ <^/ (ji^i u/ 1 /. f £— \yi iju (j^ <_jyi if/ i^f 

<i_ Ju / t/ tJiy' <<i_ o*-"' cf. v D*> (/ f'(/ / _*j <£l (j< (j/ ‘£*i j~j? Jj jjS ti' 

jS J~ >/* l/ >* *f ‘‘Z— Jj //■ >£ / w_c>Iy »1 (<l_ y i-j/ (J”(JlJi a JJ?\ l/ S\/ / cJ.) J'O 
/i [f' <z— iuUl £~ j/ (JtJl -/ <l_ l/i * ‘Z—Jyt j)i l -J 7 ’y^ l/ <l_v l/V J'-IT »Jr Jj 

i_^ jlj f \ Jy~jf jj l/ j>\ jS J^ (Jj' Jf- S } f L J ^ ‘<£- C/jL/ (J y jj’ lK f tJ-f A- ifJi <<l> 
(JjU ^ (J~^ l/ j\ tS S ei~S yt S j>\ J>\ /* <£l <£$* jl Jy^ Ju lJ* i -J y i— J uJ-’ j 

,(J>? jjty* <=_ (j/U lJ* l/* (j/ (Jl^/ 

</ J/ lT cJ/y l^** j ' f >> j>\ J? (JlU l/L S S Jj Si S> J? f jS jl> <j ( (3~( ^ 

ii_ <zJf* (J^ (/ < 2 — lf )y€ f jf j\ >J l/i (j / 1 i/ i_.tf (/ S J^ S- jjy' ‘<f )£y* f J- 

2 / uy / (J^li (jui w >y </ i — if jf jt fiu ^l 1 — C\ ‘jj Sl S j f >jJ <_^"U* \ \/» jJ. S Jj\ >> <S 


( jf j&\j j/ f [f S (j~ jj^ J*"" S j[ </*'< S jj>\ fjj S <l_ jf' jS jj jjj jS 1 uif * S ‘j$ 



zL S' ‘ = -' <-/ (/-» Ju* </ (jyir <!—/>> JL ^Si j* i_ /< jL S j SSS> ^ Jf j S/s. jt /> <_^l 

S (JU <^_ J! Jl J f /*i jy' L_ iJ jiJ jj( J>L Zl i — Lf f j^ 7 \ S jjy' jZ Jj S JA jl> 

// i_ Syz j/Si S 1*1/1 S jji tS S~ l_>j yS /1 j/ j/ SS / S jj/tj\>J S j s 

jt Jyi Cic/r 3 ^ Ji S Jl S S S :/ J\ ‘£- j)S S>\> JS S *zcjS* L_ Jj\ Jj S jj\ 
<^_ jjr' ^ j>\f Jyi jj. S J- S Jyi »U S j/ S t ‘yt ^ f S j S J.S j } Syt U ^ 

2 l Sj tJJj\‘J Ot *.Jyi JS ^jji SjiS^f Sf Ju j}j if jS »ij f 
jS f 'j / y / Ji> j~ S Sj jS jij lJ.it <S </ jS\ oui/y>L sSc—^S. j. Sef-/ 

,<l> jS* l_ lT>*v jj\ S £> t 7 \>S 
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j>\ C J\p 3 3 — l/\ S S 66 \ S f 3 if j.f’ 3 S- S <SfSi 7 \ S k_^L \jj\s 

jj\ /$\ 1 i. ‘jtf £LJ)f 3 S/i [.3** jff 3 S^ 3 J £ f 3 '~'J3* S& »-jL J 

jf * JJ* i^l jQ tt yz jif jjl J_ fL ji)\ »>*> (J^ y fU^ 3 Jf\ /J\. J> \ 

j>\ ‘jifiSjf £jj\fj')£) LJ jf) (L—jVi L I S <l~ m Jk yi jljlJ jt J 3 t>f.f (£l jui Jy 

.u? C.L '^1 Zl jjl S j} ijj\r< S Jy 3 lf <—j\a 

(X* (J^L? J'l/ jl> _>j Zl fli<>l LJl j3 ‘<z~ J3 f *\ i>j\ (jUl> (Homo Sapiens) jl>l Jy / Jf J \ 

* L • •+ — ' - - - - - - ^ ♦ 

k < 3 is -r ‘L# J"ji-L?l> (/‘ (j£ 6 J** J ‘Jf <f J J> (JX c-^L Zl jyjff 

fjJf -ct3 3 j3 S L jfjent Jir jf\ j m ‘< f \j‘ j 3 55 j>')\ j>j <j-)3 J j3f 3\ j ) 
LL\ ji )Pi> <L <l~ /J* 33 ‘jf 1) ji )?-) 3 f f* (jLii L Jlw j>\ <l~)j oU/ ^y^* <L 

3 JJJ) j )\ jf* J 3 jfojiji <l- (/1 ‘j 2 (f\ Jlj jl~“ Juj g jj\ jX\ <L jy\) Jf >y 

L Jp. 3 3 ^ 3 3 c—jfj\ tf 3 jJi L j'f L jy[) ‘3 ^ 3 6ff 3 Ji> jf\j Jk j) j \/ 

3 3 c— j j\ oft>) S <L (Jv>? Jvjri j 3 u <L-jj ji jfj dI j cl jf\ L j\/ <Jj ‘<L- l^ j J^it 

3 l f \ S ll (3 yt 3 hJ * ^iry /5 3 jf y ‘3 ti ji)i 1 > (JjvU <i—f)) )?-** ji jSS 3 iS" 

<l — jJ l f >) 3—\ £L~ jf\ jj. S <S\ ji 3* JljL i y jf\ ‘<f jif j>\ <jf S&* S S> )>jf ij ^iy S 

o) f\ j>\ <L Jst /\)j <l— jij <3 S L/ )i\ f\e y Jf-li <S J J 6 J j f% J f )[ I y ‘iT i— lf (Jl^ ijTuL^ > 

jf j > — /L? Ji/ 3 ) ~ ‘S j3 J j /> S~ ji 3 jf\ jif \ y S- f S j f t ~ — £ ll j\) j 3 S >j 
y ‘jif ) f* 3)3\ jf L* cf. 63 p. ‘jf 2—fyi ji Lf ’ 3) 3 S\ Lf f j\) j 3 3 >j 

j\j» 3' jfa 3 3 jij^ o)i j 3) ji Lyz fjy/ 3 ‘3 jf (JL.O’ /> 0)ij <ZL 0)ij ji f Jf\ 

jfL* £-3 ‘3 jJ6s 3 <33 J)\ / <rr-\ )fSJ\f3 l — s 3—\ 3* 3fj)\ 3 js pj 3" \ 

J\fi /. L~ jSf Sj> 6^ cl 2L~f J\ S llj Og jS ^ jy j>\ S j(\ jyz >i\ 3 <l — jJ <l~ o> ji 
Sr/SSj S j)j Jf\‘Jft SL Jf/. j\/ y* Jf\ <Jf 3 \ S >j J- sf jyf jSf ‘2L <S >i) )\7. S 
/ cl ji j\ j>\ j) 6). Jj l * y > j >j f j \/ y' <£} S<> L\ jiobf <ll itj / f Jv 3 s> f 
J J 3 Jfi ‘Jf <£ Jv 3 Jfi <-)f ji S). ij>i i y 3 1 jSf 3 <-/ S (jL*> » ji Lyz 3 * £ 
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y JeJj y j\j, Z—l jt J\$£f f Jjy f jS cf. y flg. j> ) f jj\)\ f Jif s/ 

f Jjy' ‘C- l'ls ofi j tilf' if“f j! f ■ <z— £- f Jf! )£) U S £j jJ’jl <>J ' ‘J& Ju £J~ y )■> jt 1 — J 
l /)j ff fj J$ i}J jt Jj jJ jt fi> ‘jtf J? I) tj& jj J? Jj jf jt v fjl J jtj c— 

/. f j! & jj>) i fk jt jj B /J Jjf < jjl jj. jJ J—l jt fpii J ' ifjij / Jf j! if ft> ‘J yi jtf 

.1 ( J—ti J)i i y J jifJ jifi jt jj. c— 


cf. 


fjljl J'ij /■ y i/)fjf.j !jj M) jJ fJ jf L-l /■ f\ f Jyi fjf jf jf )i! y jf U * c — j\a 
if y^ cm f )£> f Jfi jui ^ /jfj’ f- <f c — jJ <L- fs* j)! Jr* J J)jf )i< y J! S Jfc tf 
bjJ f fff / <f f Ju* <S t—) )j> <f ff i fJf (3~ J>iy <f /f jt jf U i_if f jf\yJ) Ji jJ’ 

f.'j Jyi f ff Jij^ <f f * f< ‘<f t ?yz fij) bjJ <f\ )ff- ( Epsilon Eridani ) jfj! f JJ 

y j^i l y u lm jj y <& & y t f y jj ^Jj <^> «u 

* * » •• ♦ •* 

Jf\ jf if i f J))j* f 't 'yi J-IT Jf! * f yi )y)y* flfl !jJ ^ <fj j<) /. f J.EI jt Jf! f f~ t yi 

jt j i? f t yi ^ JoJ> ^ jji> Jl) fj f J)j y f J f f jJj f J)jJ )i ! y <jS jlf Jjij jt 

jyft. f J< jJ. f~ <fy J ijf* ‘fJ <J J f f f jf <i_>1 jjl J)! ji jt JiJ j)! Jyi f . j! f /J* 
<f <J-f <f f )!jJ (J> f jjJl Ji i—f)) J)< S L- Jyi ^f) 'bf {j)i! jf) y fl JJ ‘L-.J J bf 
f <L -/ jtf jb f <z— ff f f ) i f j)! j.J J— !) fyi ! m. c— J?Cj jt f* 


f C— f- Jfjjl jf )i< B) f f f'jl) f A y <L-J J b/J f ‘Zsff f fj f J. f (£>) t-'Jf) B)ij cf. 
& a *±L( 8 /i A'j f-J f jJ jf jiJ* f <zsij)f £& f< ‘Jyi fjf f/j S") k lC I 

.S L-J S Sj ) (J.U* f ^DU f J>{[ jj? S iJI flf L)-) 

S f " )Ji )f l t-f Jtif jt jyi/l ‘Jyi j‘ l'ft J IjiJ - jt j\j*l J>)f S Jjjj - jfi/ f jf jj)f 

/ jJ?! fl /S\ j)! JuL* f fyi S * fj <f< c— jt 'jj £f <f j/f j! ‘C- J?r jS <-^f 

Jtf ff jt )/.) ci)T <j-i <L f- ff^f jt Ji) jj\ <c- fy< ‘jff jt )/.) jf* i'j! Jp^ 

S* Jjfcc fyifjS* y f j< jS fj j) y/*') jif f Csj)f f cf!))i f f £ \ji> 

♦ L * ** * 


I 
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^S} (i£L> /7.1 S )tff 'LJeX ^L A JV {S>S^7£*M JJ wL JLjL S Jl 

tf ( Neural Nets ) Jlf tff Jf tf J#f tffj Zl tf f </ J&l c/. f LJpyt jf ”S>" 

</j yt J\i>l Jlf (jf^ Jf J Jyf \tffj tf foi jt jtf S <L-;j iJj IS l j>l ff S cJi(j tfi J 1 — f 
<c— Jj)jf S J)f <!—)£ c/. S j'ij (Jt Jl S ( yt S <c— L-) <~jJ c— L-/ (L. f Jlf jS j)l <Jj 

J f ‘jlJ J / j)l jl7 J SJ SJ S Jy f [f {JjI)Im. S (tf S/S <tf- iJ.JlS S ‘j ( If S S [tf J 

,lf SU lU I “yt f . j)l tj!) tf ’^y. j >J tf) ( JLj j)! )yf ‘<J j)l 

S% </ SS ?jt jjt&i SSSJj tfS Sj<‘jt[f ji/ (^)i tfS jjf tf tfj ji 
Ji tf jf tf JJ S JJS f JL~ ‘LJjyt J J) tf f jJ tf S jS * tfS (JJl) ( Sif i jt tf 
P. jt ^jjy^ tf S Sj j)l ‘J— (Jlf J> J J Ljjy* V L ? S tf J f ( tf /tfjl&l ( J/l 

tfjtf j jt i) S Ljitf L/ y (i-j S jf) tf if S ji j)i jitfi ft ‘<tf sipyt <L-tf yt / 

fyi ‘tfyt tf J S/ jt tfjtf tf Jitf S (Genome) f)J tfJl ‘S jtf jtf ))jj? tf tf} tf 

J / y S Sj tf tf ji f jtf tf y Si l jif y ft tf ‘S f tf tf J tfj( jt jt tf Si </ 

B)J Jj^ tfi 

L f llI ttf Sjtji SJ) tf c^Jlfy j(i <?yt j/. J tf } S J)je tffl tf tftfJ) j)! A f) tfj f f 

j)jj( ji ‘S jtf L-ji)j) s S s^t y fipyt ttf) / Ut Si jf tfjjjtfyS c/ y tf tf^S jyt 
tf (J* /f ‘fif S jf tff jf Jl ( <S t Sie \S S S jy ( Sl Sl tff y Jyf jSs y f 

.Sjytjtf Jitfl tfi?/.B)jf S Jyt (Jlf /* S cSiy tfitfl jt tf 

f yi /tf Sj ft ‘</ S (j) jLJf f jf } <c— c/. <c— Jl> S S S f tf Jitfl S jf JJL tjf X J! 

ft j)t ‘S jtf 'ji/i j>tj ( Syt j/i ux j y S J 'jtf tf/t SSf ) jjjf tftfj Jf tf tftfi U 

f t yt tfj) <c— tfjtf jj Jiy Ji jf A y / 1 ~fjiff)) <c— c/i jf jUj! ( Syt j/i S tfJi fjj 
LL.S jt f (L — M f J ff ) ‘jf S*J. y Cytf) tf tfjx ‘Jj tfjift SJ tf tf £~S jt jjl 
S j)l ? S Jy Jjy tf l) f S? S Jy S tf sf 1 S Jjl LJ jtf J l—jU /. Jj tf St f 
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ff ?L l /fjifii tjf L jf iji jf ^ j0\ L J-ifj* ^fz/L f j>< / j>\ Lf L jh 
f LJ L-\? \j< L j j)\ \j% Jj Ji \jc~j jt jt ofj) f Jl~? iJjL ~i y L jt j^jj* L 

.</ irif u j) ji jt L L jjUi L 

j)j Ji 3\ ^ <£_ /)/* \/ y l_v: cf LZ\ f} L L Lj bf jt Jf jL L </ iru T S>> j\ f\ 

ji) \ I >J jt <z,jy* f Jy'Cjtf jfj)\ jf J S P. f SJ' } X J ^ J L< <Sj> (JL j\ f L LJ / 

ff Ljyflf £J Z cjUl J)j x / f ‘f if* 6 J}l Ujff J L jfj& L"&k‘J$i L 

.L Lif-s? jt rty f J\e f <z/i\ ^ y <y z jfj f ' tj jf } jJ? f J\ ‘jf 

f j jS)/ i JJf if f S? ?. j ji ^L JS jt ?. j? <^cf\ f L j\)\j£. S jf i/ Jji ifi 
f j L 6 j } / > L L /L* ‘L—j'. LjfjlJt jJ>\ f </ fy p * f tj c— ^JJLl^ <t yt 

yt j& i L )L? (f p L JlM <J) J 9 1 jf jJl J L c— Lyt jf / sjL ij/ f L c— jtj L <JJ? yt 
c— L Pi yt jf jC j) s)C j j)\ (jf t»lU L J\J\ f j/ jJ\ jl Jj[? p * <LJ ?yt j/i c— f f f 
j/ )?.)* y _ — jJ j)\ / L (jfjf lf c — jCi t >\ ? f * jf <yt (fyt l/^IT y c — jJ J)j y* L csC't j 

jj) / Lj /?. i Jiy jfc j)\ L\ Jj jf~ < < / jf jf (J/ i ff jt ijUlf /jj ‘jf l f\ 
f </ ff I/! f) i bC/\ (jCrf ‘fyi / j L/f (fjfjf /jLjffLij))/' * f <L_ 

i (JUcf f l _ /J L\ <</ L C? i) cf(jj f/ j (J< jt f j> L Jc ccjy* t)?.? f jj cf 
jt <y (j) J. L l j J yt L jy p / 1 >\/ j/cf jQ <yt (Jy jf) L\ f f jf </ (f fj/ t>j\J\ 
f )j L L / j ) l jf . 'lj f j) j / »</ j/cf y c^j) cjji fff \f </ yt (j/ )\j c— 

S jf j/ jf f </ y jj l# j J C k L\ f j)\ <jZ jf cff c— j\) j /y, L (J\ L t»lj c— j\)j f 

ccL ji\ L X y fc l jj jZ jf" / / jf\ jf </ / y JiM f ( Jtiy <</ (jLiy L L jf/ 

.tk-fi <-/<*» jfc/cf Lff^ ^jjyifju j)j (jtiy <-?//) jJ. jt 

^ y jfjiUi i jt/ (j/ u j)Cj jjj , \ A j)\ jfj/ 1 jf jL jj c— >j f f ) tf ) f f 
jf jj L )?.) / < cjZ f £/ Cv <±*)\ {j j)\j j/jt b\j ( f l f (j\ J\)j Ltc\ f j) L f jf 
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j ) l jf j^ Jl L fj ^j 1 . ‘fj J> ,/ (jf~ f jf 1 j_ f Jif* o) S f— fJi) <L~ <L~ 2—yi 

♦ ** * » 6 | ** 

Jf\ ‘Jj J*£ jt ))jtr f 1 — f Process J^ 1j m L [jjti' ff f ^if" jh) tf J S j)\ t>y f jlfl 

f fcfbj / L [jy J?>* jf f ^t/J^ tff 

j \ 4 f\i f JL. * jjf f Information Processing Jcf)J L jj^ if f c^if" t <f J 7 jL'lf 

f) jijl ‘£— t ’yi \j fjj jL'iy f j< f y t* / 'f f ' oj Jff w-c/ f~ tZsjlJ jjj) f Ji^L £—1 /J)jl 

f) ~ jt &jl/ jb Jy: jj\j f f" ^ — ‘t f ‘<f 2 —ffi J„ S } ff f Sj. tyf j b )1 j j)I 

iftjji ‘f[? ff 8) £j) jl- jyz i^j)f S if f f I* £ — f iJf f J)jyS <z— of. ‘<c~ I ?yz 
f Jif* ff f f J—j jj\? f S* Jl ‘Jj jt jf* S S* Jl )f Jjj S JJ> f j^jU jt ^jfy )j 

v S Input Infonnation f" jjl wic Jl L ^if" Sf L>L jt Sf jfl f J* ‘JL- 1 "yi jj)f L'l^ LjQ 
jj S lj) ‘JL. S f Bit lJ Jfl S Output Information <±c JJ) I L ^if" f* f S Bit 
Sf ^ £—) j yf f /L 8)7.7 ‘JL. f. L f JU f Bit cfjj! )) ( S? S— f j)S f f fj f tzJb)l 
J„X/. S ^\7.) j)j: f I jt> ‘JL. J^f JUI ^ S J ^L* jt J! jt> (ft jjf itl )j S fj f S)J >7 
t-/:/ ^ jjl jt S 'j& j f. S ftV f Jt> jl. jjfi S' jt (jL'iy ^f') jt S* f >-f<7)7 (J"jjl 


tz— j'jz jfS ^y" 6 J U 7. jl. U sft 'f jf jf ij) j. tl jfl L. ( Freeman Dyson ) J jl) jt j) 

S Jt ))jj? S' j 'J-7 f ji <L jj.i S ff bfjJ/f'j f< ] f tiL'iy j)\ j. fj jt { (f x 

V V V ** 7 ** c 

jt Jl tZsjl/ S ^ ^ fr ^7‘ jtf 8)i j Jj) )fij\) tZsj !7 JTJ) tf Jl f ^ y jjJ.i S* ‘jj j7 

**C *t ** * L ** *? 


<f ))j 7 S' f J/ S f. ‘-jf S /\ f- jL'iy jjijf ^kf S y J^k j /7 ‘t-f Sft f\ ‘Z— 
‘f jS f jjf f Jc jj i»ij B)j<z~f S—J/S j J U J/ S Jl/l jj/ jt J! f ‘Jj 2—yi 
Jj yfi Jf\ f» j)l ‘ZJ, iy jS b) 1 j e- J/ f\j Jfl J/ t jtiy fcC J/ Jl / J S jf$ J! 
J jf jii ‘ <i . _ jj J\p * Jtiy <S S- jL f S jL*iy jy Jj\j c-. Jtiy ^ (jt^ </ S Jf c3L*iy <-/tj) 
^ Ji f. f Jfiy / jf jf jj jtf /I j)l J jjtyi f)j*> J\J j Ji f jL'iy jt j. SS^ f <i~ Jj 


I 
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f si iyJ 


S / [ /w js\ 2_lf \j » £j si jf* jf cf~ / ff Jk S * y ‘Jj £L r J > s)L 1 i_U/ ./ (/( <_J 

,i_lf j) U/ j/ S (Experience) 2 — f l / J) l 'U~s' 

ifl jlJl iifi7l Jls L j f 7 /L Jj’f JJs Zl Ji (J < f<z_ tV^ ^iT Jsf Jf^ ->U <-Tl (/" (jlj 

>ii f J>) j ifi/i fyt / [f S u fb/ S S Sl/ 1 S <$- j /i 

( Robert L. Forward ) sj)j) J*sJj <t <L— j'J <c~ ifjE J S * S>) y Jfi j)l <fJ Jyz o slJ J JJl <lJS 
/jjj fj Sf <c~ \f Jf. jt jljl <~S) <L-/. jt Dragon's Egg J^L* J^ jf J JJ S </-)/* Jfi i_ 
(3jX?f Jf S jL/rJ- <J iS~j j!/ s. S sP.) J—l j)! <c~ si ijjtSS cJi^sj <Jj jf jS j’) <fj 

(JL/I S c^lS t) <S ifl c~ (jsi 'j£ f JsjI / <c~ iJ/fj&j S Jfj fsj ‘L~ jSjif^! olLLr 

is'i iyj cl jyifi i ji <-/> <c~ J) j* L 1 j/j (f LJ ji jJj <jJi j i— /. jifi <c~ iSjf' )jj cl (j/j 

cl Jifl j)l S jj i— Jsfl jt Jjf /L c/) j\f>! y <L. S j’fi (/* jf &~ Jtfl / JImI L~ js t» V 

£fL'< 


o9 Li j< L-*l j/ LJiiy S S jZ Sf' cf"jjl <<l~ jlL <Jjl jj jf S JL-S i/l LJ A »>. jt /ff* <c— jS > 

9l/ jS~ If <L — j\rc S L~ U.Sjif ‘LL jjlf JfL 2~si f flfj k_J /S jJ (jtiy j/ j S I J, l S Si 
Jjj) t_X) f c~[ / cicL* i— Jf Jlj ‘Si j iyl S jtf jJLl jS <c~ j/f i Ji j‘J if S j\fJ! jS (f j/ 
6) /L S jS** ifl ‘JJf 1 "fc^ Jiff/ jj jjl i— If J / oU L JP. JP. S * 0) j) I c~ S si j/ j>lj 
<2_lf L~rr s Sf l~ f / jI S) * L Jj j)I <c~ S S J fl Sf i i_ lf jt <j~f <jf j./ 

S j)) ff/ i I) i_ I J)l i_l fs? jjlf Csj !7 tjJ J 7 S J,i S jf / JfS U~ /I S- SfP 
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f~ f } f * f 1 f* jt J< Jy Sji l/l? if -c M S Jf jjf jt {Jf* j j\) 
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‘<z— )yS J/fj L <l> £)'? ))/ )yf f JL/l y„ j/ j £ oUI ? f L l jf jt ^ <^j\r< jf > 
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<J <Lf-/ <J f f\J jA Jj j S' <J\ J >Si * <-J L ' t J) ‘J 2— If <J Jt^ j (f ' f 'j )J jt 
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)/./ f S S' J- J bf S f J * ‘J \J„f jf-jf S^ S oSS * y J)i 

ijs j)\ f jt <^J/ j \/ J o jl~) jf <£~ J^ J L f <z— 2 — f U (L — jJi /* <S/ jj /-} y <^_ t L*>? 
(JU’I c3j (jt/ l^y^ (jJ jQ JJ iJy <U J i f C* /•" <kl Jj (jJ* (jb L (jJ* <J)\ c— 2— L? 
<=- <Ly <£l <^U/* (3uTj~) ( Metabolism ) J J jO&\ f J>) ij U’y* <£l jf/L? <: — /b <<£> 
(3 ^ <J— i — /"J J Jj jS jj *$£. l/L <H (Jl <<i- ./ j / S J/j); j)\ J (jf f J\/\ J (jtiy 

:Jj J y Jr^ <J <^<>1 JjjfS ( Hades ) J^ l <J (JyfLV m/ll jf* /L \J< f) y J>) 

jJ tJJ> < 2 - iJj)j ’/ wL j f if jt /L <L 1 j) <lu <^/y y / S ^lvi J^ / <^M J 7 y 22-/ 

<<2_ <z/J S 2 — f jJ' ) j ’jlfijl / J\ ojL? ij)Lti / j/ jf ij) J_ </ Jj jt jtj <<C, Jsi 

(Jul 7 / y (J/l i_/i y? <lT <2L/ /*" 0/ / 1 — f Jf~" >0 cftjji jt (J <^Jy* <>v> 22-/ 

Lib/ y j 2 ))j/ Jj / J>) jt Jyi) <£l Jl /\ </' <£- jv j)j if J (jb <Uy 0 / <^_l / Yi ij‘j J'J’l/ 

jiiL* <C j[}j jyi jf )./ Jf S ijjf <S <jtf <zsj)/° / 2 /i <^_ i— >? </ c/9 /~ y <2_ 

/1 ‘jtf JUL J/" y >/’ }/’< / J\ <<l~ [fi, L \Jji <£—0/ iS< S J) / Jl/\ <C j)\) 2— f tjJ> 

y/ J>) '&\) j/ ^y Jyi JO Jj) <-^\y 


J ) <C J f y/ J)\ )ll / J\ jt ifi/ j/i J j yt jJ lf J <l~ C / 1 /f j)\ Jir* J)\ jt Jj 

( johnBarrow ) )/- JJ / Jlr' J! <Jj Jl <^/J\> <^JJU>* tjf Jj »’l </ J>> ))j/ »>’L jL (J^ 
Jyi jt <zs\)\ L S / ^ 2/ Jlr* JJL 9v/i (J^ Jl> </ (Jl << 2 _ l f . j/t J ( Franlc Tipler ) M J)) j)\ 

j) j? J/ Jyt 22-/ J / S J)\ JT <^i//y /i <<£_ -/ <^iu^ (/<^jjj Jy 7 JJf\/ ij/f Jj\) 
( 3 -tf (j^ (/u* Ju ’y/ ))j S S >j y S \j/ ‘f-L- j\}j S 2 >jju> << 2_ i )f' J* j)\ A } <z~ )/ j (juT 

j/f »-?i j <^ j)j S S > j t/\ S-f S 6/ S/. ‘S j—f J s ) 2Jf \j j ) J)\ jt J/ j)\ * j)\ 

jjJii 9->l; <l_ J/ jjj J)\ <=- < 2 -/« J)\ Jio /. jt S>/ jJ J J)) J j\ S JS jtf 

JlUl S j/ {f <=- Jy J). /- <2_ J\) J>\ J)\ S Event Horizon j\ j) ) * <<J f jtf jjj ('i^ fL 
1 "yi J))'f J j" S' f’ ) (j/iU J jiLi JL j)\ <zs\jj <2_ L“J t j y <-c) J/ J/ J} <-l<9 J J Jf /L 
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ji jf f\ ‘\jf f'fjifi J l fi7 f'Uzj f' S i jjjj S S~ <Sr jjL ‘</ t*U 

fi S S } <L~ ifl Jj! <±~ Jjfjjjf S /I & j JJjf S iS JJ y <L- [f' Jp.jf J~ S !/ S/') S~ 

*j* 

.Jt (jl eSi f J jjjp [f' J J£r' f jfU jf^ 

mj. <jf f f !/ ijjl ‘L—l C'b-'l 4 ^±>. S <L- <Zsj/ ij‘ [f JImI * jlj SjTi jf\t ; J Jjjf/ ( j\>J 

S (!ff! 6 /lf ‘jf J^j! ' J ! S t J> ^ ‘ 7 ~ J * jf Sj f Sf<-)f lf jJI lf Jj^ <J& Sjf/jt J‘j 
* ‘l£yz jf jf' fl J ~ Jr^ S& j!) j f i f <-jf f jJI / S <l~ Og Zz <z- (jUL j fs 

S J S > <l~ j!) j JU (S< ^ S ‘ t r~ S ^ J l3L [f ^ Sf jf f jJI jt c*r S\ f jf 

<£- Jlf f S j. j)j ^ f iL> <lT jjI <S j/jj {f jjl / j/ jt 1*1/1 S c^" Jl! jf ‘</ 

jf &l f) J * S jf <-/ <z~ tfit/ jf c— j/ Sl (S S JJL » jfj S JJI^* S jff S > /j J> ! f* 
S fji).i j/i f f Ij (f fs ji y jr<. j if jf S Siu <l—/jj c_ Siu j(i fi jfjj~ _ — f f"/ 
I/Ij jj.gf ‘<£jlg l)jf/ff S/ S Sf S 1 J>l ‘srk' S > J~ "S LL <L-/jj c— iSlU <Sl c*r 

C‘l) (jtiy <S S f 'S j Oscillation llIJI fl V <S d—j S\s ^j/S S LlL tuf X 

jiS S llUi ijpii ji jt £sj, jjjJ S f j. <-)f S LLu f j2 Z_& Su jJlj »jj ‘jj f f 

,c_ lr J J-j j&i ^ Syt jj/ jJ S j!/j S SSjjl if~jji £— Ji ‘<l- (f yi jjj/ jJ 

S )-/fS fi Jt> ‘ < / 1 7yi lS U jjS ^ Sj j S y' jjjJ jJ <S S jf yj 1 . Jl / jP (Jlf /jf* Jt> 

.S-T jf f S" !jj S‘j)<L-tUyi[ff j/.j ^ <JC^ Jt JL 

t S f f j j / y JjM (*l/ S jP.j '<L-< J/ L * j)/r S A L-f f Sff I/Ij ^ </}! f 
<t <L- If \p Irtj ftj (J< jjS y fS S ( Virtual Reality ) SkJ jj\f c^L S Stj/ J~jL> I jjjJ iJ S. 

j S <lc/ S S I/Lj J-i J)i <±jj* jt jji jy <Syi jf jff jif jf if S Jjij j (3 Ujf Ji 

.S fU fjjUl <zcJj/ iJ 
♦♦ ♦ »« 

A j j! ‘Jj Syi o:L A SkP jl j/. j_jP ff /. Jj f j jf '? juf i f y^ c^lf /jf {()*<£- jf > 
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S i / ( j/ i f (Ji/ Sj't/S tj>/ Jl>‘( /^ ( Quantum Effects ) oly l (J^>J (J^ (J-/L J (J 1 

(X i— Lj ‘Jj S ' ^ j/ S ^iyi {jjJ * <(J2 oL'l/ , l (j/ L . 1 i_J I (jt 

JJ jP a S t ^ /"• ->-£.* (J^ JLn Ji Lijf . / L jS yj Jl// S <£_ J jlf S /l iS jjjy* 

.£S;*r j Sm s 
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I 5 J>s 




I 


..<z_(3 ^ jPif ^ ^ J^ - ^ vw ./ ^JC\ f < 1 ^ oisi jt zLUy <L Jrjff 

y (jjj <-J <LJ J/ f’V'* <^lf l ^ [Ji £L <L 1 uXyi >uf J~ L <^-~ Big Crunch *_X" 

.(X ^ <kl Jj (j/ cT I (J 2—jI? 2—\j <Ll f Jrfj <; — /Lr 

(Jjjl yj^ S ^/yjl ~f (/*" l/^lT <^LJ <kl <<£_ C&yz L / yt djIj £ ^~\f' (J^* 1 >-»• i-Xl (jJ 

<jf |^ J jj (jb Jf. <^ jl iJ JJj v« <£l <^_> (J(f Jj jwr* (J J( w y (Jt 

<1/ L >7 cJj 2—yi Jjj ^ 2—iU Ji f if jj dj ^ L~r /> £.£ jf Jt> «^_ f S>j jt <LT 
\ ^ J ^ jJ <<L jfj J^ L’C d jIJ J £l 2jl (£ tfsz jjj 2k <^_ ^ f ” Jj Ji j" JJ j2 

\f \f \J * J f <L<\ f j\s> (JLJ Ly^ (Jl/’L <L <^_ (J^ »_J( l/ Jl J° \jj dj J$ 2—/dj2c> J/L 
.<£_ \f L1 f j jt 10.1 Jf e-\ <Jj jf Past Light Cone l?j 'f iJjJ f if L ^ f <t—fj\ ‘<z~ 
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fj tz—\ y (f jt fiU yj'l )P.P JLj/ tv/LJ /" (J"l vj< l/i P )£> (J|/j (Jl> 

’ v jjj S & t" ’Ll^r J»i i-T ^ir p LT / 

S S y p. c~ j?f j\j) j)) L j)) c^f. jt [f l tj % (ji (J>f (j//'' vV L 

(j^ JL jti jf fjf /* 'JE <z— j[}j S (f )j tji^i 6f ~f p. ‘J2 (3 1 '-£ f S* [Jt k)'f \j\ SS 
-j f ijjlfi jjI 7\ L <£_U (/ /L <£^ (J'< J 5 ) <'<(_>?’ »*< L Jj (J( (f (Jv ^ / c^LJlj (Jl 

jf f 1 j8 *-j 

10.1 / 

www.iqbalkalmati.blogspot.com : jj -Lj)<sj'jLfC^j'*-P jj/ 

jf S )f S (/l ,/£> ‘C& fjtf f )E 0)1 j jE ft j yl jS [f jf L J )j c— )j f c^U) 

<z~)j Sjti ‘E~ if jf ))Jt 7 Sf L jh) j^lyl t—\) jSiyi jlJl sl j f S Jl j)\ L ' c — iVi 
f\ ‘jf jji j / fS Zz cj) j\ f (J~ Jyi »l>‘l jff // Jyz )j\) <£_ jj j\)j y\ L jZ jf jff 
jff ‘f fjf j)\y S <£-U Jf! L jf j £~[j & k y -jf jjJ. Uf f Jj?\ jt b) 'f jjj l/(/l J)\p jf 

f y \f>yz )j\) Jifs) t L zz tjj) J'l jI S* f l /I 

~ ♦ I ♦ V ♦ * 
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f LL* d> I ^ ti'ij'l jf y <L_ Jl jf y £/vr" l//(/ / / (j/ (JJ j£* f } f »J Jf 

If Ijf (/ 1 t*- bj f L/ / _ — (J"j> lT^ ( j^/: 'ff? <f ^ ^ (JQ f } hj P. 6) S {f~i yi jP. 

c— j)f jf ) j i-J_/ yr (J~ j£ff j S ’ J </J ‘</ / lV (J~ (j/l/ /(/. s/l — ; b y? J 

J^L clb (/^ ‘■<£1 (Jtv jf Jj'V* <^_ (J J vjl / <L- f Jj (/ <^_ Jf\ j- cS S JfL 
.&>yz jf yj fj} ) J\) J / )p jf f ll J lV jf ^ \ f J\ f j\ f if jf y, 

‘(jt Zlv uJt 2_iJ jl )J)j\ <^iyi l — /. 3_i.j <!_>: (/ yt^ <£l (ji (jt <jfji <Z_jJ yr (/ ^lf if 

J J (J>y J> jt 2_iJ <£l )f)j\ s) <L 1 (Jrr <^lyl y? <£_ 2 — J<£l l_A (/ Jr? L <^y* lT ^ — 'U 0 
1 -f Jj djIIzi jy^* yi j)\ jf J\j? <z- <_^ fjp ) L'l i L' I 2_b i_rr (/ .Lo </ (jyu/ < <£l (Jtv uJr 

/’li? <<l_ Jr 1 wLJ (JV*) j[)j Sfj) 2ff tL — J\) <f <i_^L jt fL <£ l/I <l_ £>r? (jU J/ / l^f f(Jt 

<L~ J\ff * ‘Jj jyi Jj[? <z*jJ lj/. \jf (jfL/ 

jf £ f . j)\ ^sL^jJj (J jt <JL jjj) /L / S jf\ f if P. yt J)\) l)\ i}f S jf jf i)\ f jf 
S »I^Ll sfj L' jjJ. Cp sjf f yj! jt b)'f tjj) f (/l <^l J)\ yt f yi j\)S jj jf i s/^ff (jjl f / <l_ 

.yi \j a>/ J>f 

(jl V i_ (FrankDe Luccia) LJf J) ( Sidney Coleman ) (jJ/ j/ (JJb <^b/ w (/ 1980 

)i I <zji jJ\ <z- J\)f <f~ ” Gravitation Effects on and of Vacuum Decay jl\)I (Jj \f y l/I >9l JLk/l 
^ (Jlf* L fU* (jU J f f) lf fiU l/* i_ (jV< (/ l/< <r k 1 -’/ Jl/ (/ ( Physical Review ) f/j 
Jf\ <l_ (jrr ))S (jU /JJ. ff P. f \f r if S ll>J) jt <_A d—jt ‘jf ’JlJ lVJ" f <^b/ j)f f: f 
jljl Jf <f\ £f>) vr L'rr Jj** j)\ Jt / <^bi jf Jf ‘<l~ ifj jjJ jf/ jjf f>) ~*i fkf j) jt 
<z- f\ fy: jtf jj?\) j) I jf <L~ ( Quantum State ) f J jjj) ^ftfyiPtf^f <_J <</ Jj tjjJ jt 
J JL'iy l/I) <z— J\ j)\ l>j) 'j (Quantum Activity) jf/ jjf jt J\ jff ‘J*3 C yi LJ? J jjf o)l j 

f Jyi S& 
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f* J} j J JP.j j J* 1 J 'yi jt (Jr*J J z^j> i—>\ S Jr*l S^ / [JjJJ 

yj P <l_ fyi jP.P y_ (Excited States) jJ J f ^l Li i£* l~U LL (jU-v l/ Lr? 

f^* p. <i~ L~r >p.p j&j i C Si j Lu- ij jL'iy c/J f S 1 — Jj\J\ / Jtiy j?Lk/i yy l/ (**i 

S P. jj l£ ^ l=A L ^ c/r jtiy il^l yL x&U j} J\ fl ^ LJ 

iy L ” jV Jt ^MUm< Se^ J J\jJ. f<j/ L m (jbYf^ elJ ” J?" 

vil L l iJ^ r <£l ”(jS” (.& ” j} L" ^ jt cJ> if J cj. jQ <Likf a- <^m (jl^'l /". ^bl/L c/* 

\fytf >/ S>W€ 

f ' f-CJ )P.P j/. f J» <L — /b L (j~ <<£_ jf J C^li** £L- (J? fj\ S £L-S? J*)/* \5S 

<f- j/". l£* '\ >> S i— ljV J) ^i c/V tjf 1 (ji» /". S~>S j< jS S S ‘ j 2 d zl (jtiy c/r 

( Metastable ) L J ^LT j > i_b <L> j.£r* »Jr <S S. yi x f fil/ sjyjr* J^ <c_ Vr’ L 

1^1 ^y (P <yt <zm *?> if S J S Sb J\ <S Jj j} (f Sj\ J/ 1 Caf JJ\ Ijin j>< yt J' J (J 

(j^ S >P.P \j\tc S J Sj } ‘<i— (jrr j J J jf f fjij ifjj JJ>) c— (Jr*J iJjJ f J if 
S Sj J\ f f f s S\<? if j\j s f fS^ j>\ j f JJ> [f * S J wiJr* f\ <yi j\Jjtt)Sj\ 
Quantum ) Ly (jvJ yf S< jt Jj>S S jf S ‘S- (Jr S ')p c/. <S S j ‘JO 

jSj zj} J~f j/ r L_>i (j>J <cJl S< <S S S} f jf J\ ‘<z- f* J ojl (j;LA /" ( Tunneling 

<yi \ yf <L (jy/L^ Vjly/ L (J^ <^u (J^ (jrb Ll »vi L l/>/| l / } ‘<i~ L/ L (Force Barrier) 
.Jj f yi jt} cm <jj\yf (jjV k f. S jf (jL/^~ if 1 J \/ <£- jjlf JCcilO.lf) 
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S Sj j[?ji (jtiy S </ j&i f c/. y </ irU jt iJjIj j/ j j S- UiS- >} BJ> <-/ /f </i ‘S/ 
4 ; tj} ji «l. irif iP St ”Jc/" ^ jt 6 h H * dS L o/f> S^>. <£j lP /\ S J. ikf jS 1 

Jf\ ‘</ t’j'i j\) sj/j S- Jl/" C— Jft {Jm JJJ S (L—S / BJJ $1 Jft Jf! ‘</ {jSt S i. JJ $1 jS fii 

.</ s lS d 6 } e / l>*iu S ^y s. jji jSj 6}~ jt J&* 

10.2 JS 


j>fi 9 jj * /&, y jS (jtiy j^jj S S (</. Syi ijjie j jTt ji S (S) t±~z j jj i S~ i/l S c—jj S\ 

tj? JlJb\ l/ S/ J/i S 1 Sj. J/i j L>ljj 6 j S S S / J J~ S l j jf ‘/ f lf ifi u[j S S 
/ c. — jj S jSj z^\j J t^j\jjj St <S\ SkZ * tjft <S <l—j j\j»j\ (jtiy <S S j/ 6) jj\ </ 

irif j\ </\f 6 /j j S&z 6S~ <S <S <z~ t/ S S 2 — Sjiij <z—\ 9 j S </ Jif J* jUji (jtiy S \ 

<S Jf\ S yz <Jj\ / S Sj. ifi St: <S/ <z— jt 6S~ if * SkZ jj jf ‘</ Irl pyt jiji bj y </ 
U&\ S Sj lP S/ / jX S <t—jj 6 J S S\ <z— jt /S Lj}/\ ‘Jj ^/Tunneling <S <c_J 
/ <l — jj (S jti 1 jf ix j\S S~) J/ S iS <^j^ j ‘</ z j\ j z S j> j \fj S jf\ j j\ (jf y/ S l J jS . jS\ i/ 
S>j jf\ <U/ j\) S/ /j\ jt oj/ S Sj'i Uji S jjji/ St> ‘S <t—~z tA jUj\ (jtiy 9^1 j j S 1 
y S>j j\j»j\ J\ oj S f Sj jS <z— 6'fi $ \ £L~ jt Jl e j j jt <z,j/ Jf \ ‘jS Bj\<j (jLV / J\ S\ <ll~ jf* 

I 
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S J&l jUi S </ jf^ j jj ijy*i * ‘</ L~1 pyt j'/ Jf jjjj / ”yl <S/" S </ /) jf <£j J'jils 
yl Jt/" j m L~ if~! c f~ ‘/~ f Jtyl J^! / ‘-J/ J! jf i— If J J <z— jJ J/ Sj j’ 
j'/J?! jJ Jf \J~ J yl Jf! <</ Jyz 2L-J Jl Jjtyc S c^bj U h ‘</ S » / ’jsj "Tunneling Effect 
( Scanning tunneling microscope ) Jcjj/ <J& /jf j£* Jj S Jf! ‘J L~U J Ji/'l jt I 

,<c~ 

L 

(J* flU * J Jfc i />/* L// ijj j>i jf / y </ jf ^ LJ <J~ f JJ! Jt <L- flU M/.y* tJr j/ 
<J A iJjI) S c/J (JlU Dj/.y* ‘</ &J Llf <z~ )j, S 10.3 /j Jf jtf ! </ j/ y jjl/ Jj^ 

(Ji*iy if/i jt fiU <</ fj c— k S /. <i- S / c— <l—jJ. S b J)i) fiU jS j/ e /~ jfi? iS } ‘zJ l/ 

L (JJL^ (Jb 1 — / ' tjSf S JJ)I) Jf)) jf J— L~lf LL JJ-j ^ L-J y B cJj f (jL'lf f <c~ A SJ f 
jtf c/J f if Jl jf C- <1 sSj jt olj f fjf! Jf> (jjlf. * /S <<i~ JisSj jt tij f if J! Jl J/ ^ 
Irlf iU jt B c/J J~j) L~ (Tunneling) <S/ ff c— A cJj IjJ ‘C~ ”y! <S/" /•) f J< jS 
S~ fy {/ . j) l «£_ J‘j <JJ jt A J)l) ^ ‘C- Jj jlf S?j S /L»jI Jjf y c^j) * fl ‘C~ 

.</ / f S B J)l) ”j J/" JjX t 
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>4 U\ jfJ tyt / <L J Jfj) (X (Jl‘*V A <L J J>>J (X *iC J^ <£- J (J? >i( J^L / ?i£ 

flJ - <£l y ( <jT/ J^ j.£y* € \J\ ‘L- C&y: (f r^* >i( (j A f’Kr“'l * jP:^ £,/ (X (Jjb 

S (jL*(y jjJ<L J t J)\ (Jrr <=_~ iJb <£l <L -L4 <— C"( (J js * l r cLU (X (J? <=_ cLU J L 

. Jr' J>r Jj c>/. 

10.3 J 0 

<jl j" b J J.j>J <L j£ Ji <L (Jjf') (J^ (J"( <<£_ (J <_Jy* jL (3jJL>' C JLk/( (JiC (J*( <L Jjy (Ji vil (jJ/ 
ji pit jj j ij€ <_L Cfic (j? (jj <<^_ ^ jf £ (J jt fij/ ju ( c/i jy.iL d (j( <(jt 

(J"‘ >Jf j\) j Jfi (jf* 5/. /i S Jf\ J £ yt fj) f Jf * <_>j <| (y; \yz \ y£ 'jt f-J (J? J 1 J i J)\ 

<L (jL'iy if (Jr*J (JJr ‘if <L~) Jy jt fiC J? >4J^ /JiJ- j/ Jvlr ^ <■ J i_Jr? >J>f d >D*> \S Lf )J 

Jb U jt a\j j)\ S £ ^ s (£ Jliv * ^ 4£ 44 < J* / Jt*iv j<j <L JJ 

.l~ by (JU (J^ f'r' <_A »>(>*( C >(>r (J jL*iy Jf\ <S C_J (Jl (jSniy S 'J~ A 
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^ !f) ijjia js\ S i Ur jIJj if i J> t JfL Jjf i /I if‘ ^ ifj£y S i / 1 S~ S~ ifS 

tj~> cJ fl/ ‘S ifS ( f' cJsf S S y? [ S Jf L> J~ ifS si J >} Ss 'i.J'* S J S 

J Jf< jj)/, fl/ S (S J D> ‘jJ jJ If J> oiLL/ (/‘L <£l (Jl js> oL>L> S -LA Sub-Atomic 

c>ULL vil (f>? ^ Zl (J? i» 1 4 — l 3^ f L_ <J~ (Juy S f’J 1 J> ! LJ^yi b<k?> jt 

>>u jl> sLj j)> (Jiiy S S~' 'r / ' , J jJ 1 ^ 0 / ify }! ‘J- (J-^ ‘-JJ ^ ‘S J- l/* 

Jfi * jTlJU ‘fJ jflvs: fj/ jt df c[S'ii J- Jj I_iU jji> Si Jf> St i—j S J JJ 

jt J)jji< <fj jS ifl jfyf S ^jTji /. /i f—\f- S t^-f. <-JjS bJ 'S y? J /, J? J> J J \ J i)J 
d-> jS^ ‘£~ ‘jS J\) jt Jfifill /^ <S Z/ ‘ ^ i /I ‘S f <j-c <zsj?) S J&) JIj <z— <L-J° ) <-})* S »*l 

:j* "A Js %-) J> } ”j& Jy' 



if) \ \S j) y j\ (s> J~~^ >“ 

)jij \ — jj\a J . — ^ J /> — ^ j — A <L. - J i ‘<$— (j^L-A (JL-VU SS 


J,\jJ> JiUL> <jt s j!j Jtr^ ,u^> J-^L C> f /f 

jf <$ i f~^ t (J ' jij l (JjU S J/* — 1- 

Jfl — > <L zJi) S si&f >l~^ jL-y / JtS-^ ijjla f*tr ‘S jL-r^ iS 

jtr^ J " I m U? ^b ^ J^ U^ lT J>*> yr <lf ^_L^* ,ilL> J? 

l — S> J J" i_/J“^L>> y ^L — $ J~^> f‘ S J&! jfS S* Jt^ 

” < 

.<T—S>S. 


cA j\) j)j / olyl >^l Zl i?Lkyi (Jl/ U:L / (jyb vjI (jyb obj 7 ><y L *as\fl S jS* if! 

j)> ( Michael Turner ) )) j/ oUY/i jt jS^ S> i_b iff (Nature) y^L <(Jjf Jj 
M icrophysic ) oU/ 7 )J? ‘S Jlk> ^ Jj' (Jl w/. >Jl L_l i— ( Frank Wilczek ) Uj/ 1 / Ujj (Jb ^kS 
S< / j/ Jf S S' jt oUY<<^_ l/U Jt) /? tsi ( Metastable ) l/fi/ (J (s 

./ J — i jfS OjL <_yj (J_/L j) )\} j A j> ! ^s tj)/ J). J tis£ 
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[f' L- (PietHut) Ly Ltf. j)\ ( Martm Rees ) [fj J jI J. sj £. tL 1 S jf^ JL *_//..} J)\ }) 

}) / ljj\) ~*) S ?\m\ Li jf’’ </ C&yi f f !>jl}\ ejJ* S J&\ I-/ 'L } eX\ J)\ L / jf^ eX\ jt f 

Llf^i <z-\jj ij~\ cJ <L~ (Jl'iy i£)\ jiZl jf ‘jj )/ Jl) ‘Z'J/ J—\) L — / c^Lyf s <^ljj 
/4 y \fyt \j<. J/. I J j[ eX\ </> J)\ ‘</ Irlf m} j\Jl \J J—yi lj£ Jj. \J jf jt e\j} ))?.)* C — ilfi V j} 
( Particle accelerators ) J)J fJ\/\ jfJ J V ‘Jyi L tZ-jy* l}J J ef-)j 1 — J JJ\ \f <^l>( <z—\ 

<L — /Lz <z-\jj )jjy* jt J/J? Jbl ( jfyJ ‘Jyi )y* <L- <z-jy* [f' [}J ji\ jJ ‘LLJ J ) (j Jm L JiyJ J 

* **C ** ** ** ♦ 

e—yi JJj. Jj J i}\yi sJjL jtj <z~ Jj jS' (J J j)\ J} LLyi jV LL wU jtf <z— j\)\m„ S J>Jtj\ /\ 
JlflfJl J 1 .^* £- Zl Jftj j)\ Jj; ‘<l~ (J J— f' Jf f jJ \ jt ( ? JL ( JJ yij)\ <jl! 

(f ‘Ls/ J j\*\m. S J>Jfj\ /\ o)jjy* L-jJ jtiy }\) L—yi Jj\} y Jyi /\Jf lm\j ily ^ljj <L. jf[ / 

■ L~f L~ J)\ [jj)/ /t l}l)j(Jl/ J l S f <Jyi bjL J f jJ' 

jttJ^ji J& LjJf / sLjj Jt j\ f j/ \5j\a ‘L~ J> J(\J} L jfJA f L 1 J 
S l~ j>\j (f J J\ ( eJf (} oXj <z~ jt <z-y* ( ‘L~ / jj jj (JUT m\) ( Lsif 5 J f i Jr y LL? \Ji) 

(JfY’ jt jylj JlrjJL /)/* /l~ &yt ‘LJe lyi f jt Jl /fe 

/M J'l <L L/ <Jj <L[? jt (f <L /I f \J) <z~ c/. j)l l~ (}yi L/. i}( L (Baby Universes) " JUM 
jt <\L (J? j£l f ^ LJ l~ Jyfl ‘f f\e\ L~ o)f <J(\ <L Jjb (jLlf jt 1981 JL <z— <-m 
jt C / ^L ‘L~ J\ <L f-L c/. yj jj)\ f\ j }J\1> -/ ‘[} f <z— L\e (LIj L fi <L <\L f L L~/f 
jt f f f L/ (/4 f ( (f * jt f <L L> <f f \J f f J}. <z~ Liy f <\L f L 
jt f Jy i j\ /f * jf f Lf( y f <i/ (j/ / j)j\j) f fi j\j/ ( Si } tU f l f £~f 

.f /, f /\ f l <i~i} f f <\L f [ f }f J. / <\L t/C f (jtiy f. f f f /. 

Jk/ j) ^lr l jtf f 0/ m >> /y/ ( Si f <\ / f L y L/ [f) <z~ jt <\L (j/ f\f<M-/ c^L <~f. 

jkr 

L~ ) m L~ <z-(( / f f } <f \ <L jJ\ f <f /} ’lj 1 ! ‘<r~ fj c/.\J> <z- Jyi fJ. J(j * 
f L/ J'l S }.j jt ef/ / Ju <z-jy* Jl f <^j f- f: * y LL U C) c~ r\ f\ J$ <S L~\ f }yi 
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/. tj{f jt jL \J> ( 10.4 jV [f / j\p\ Jf (X ^ — / Vjy~ wTi (/ iT jV {Jj Jl?* 

U*G <^_ y>*( Zl ^MSOrL Jl li* ^ — /i Zl Jbr' MJ c— ^MSOrL cLj c/L> c— 

L 1 y( Jrr V: <<^_ Jf f'iL'l * <<^_ t* I / ^jj^ iS Jr? V: i — Ci /** ^ Jor' (_/( V i_U 

J <^b l ^ S jiI jj l s jL L '- J£ ‘<z~ L** Jrr <_ /U y jL’ if J <^b l^ jjL jjI <^_ t*U J> \jt ^Mvlic 0/ c/ 
>-)l wXl <<£_ (Jj (M ^M^L/I >i( (J *-J( -/ vj^ <LJ Jrr (>tf <^_ <^M$OrL M. jj I <i> t*lfrr m JUr' ilb i^lJL 

J^ <J <^M^( 3 ~i L*lf (M u-T) (JU( jf Vjy~ jt Jf* J J~ J<^_ <£>M^ 

l/i <\f tfxf b/ S££ L\j\j*>.L\f' lT^/ jTu^/ J/i W<^ 

vii f S f yz (jT J jJU <s_ (/( <^>UY (J^l? </ fyi S * JlI <£> jt LL L-X> 

.yt j\\j! S ^M^ 



V) <^_ <^M$OrL vjI <£/1^ /♦ <<^_ Jrr vb/ ^rr* J <i — /M i_rr <^M^/. V) J <^MsOrL 

** V L * V ** 

>> l^ Jbr' (/( V i_U uj-) <^ (/ <£.UY >jL <<^_ (J^* <2LrJ <£l (Umbilical Wormhole ) J>r (jt 
jy v^l <■<;> (Jlf rr )>*f <^I>Y / <^UY»L M L- /L' S Jrr V: /1 <<£> J'U l^ *ZMfj^ S Jrr <V 

.<^_(Jl (/MrU ^b-Yj Vl 

10 . 4 / 
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f ->L*/^ JJL c-jjM LJ S Sfc S i_ 0*? l> / (/I »1 (AlanGuth) //) (jl Zl fj^ 
Zl (j? (_/l vJ J,Lk/l Zl j/ <<^_ <sJlfl (X d&! f (X (j wTi (J^ f ~f. 

fj {}f {jS S JV ( / ^ /U LJli ijf uXi )f<L~ flL?- / L (J^ ^ <£l <£1 l? l_b LL »J Ci 

(Jfel Lj <^.JL J f(J i— lf>? // Lf‘ Oj (J l/* f X jXI Li Jsz fj. t) f Jf f Lf P. J m jJ S Jl ‘tf 

.S i— lf f f £)& <L — /b f A S ^ — />? 

(J (jtiy yi / <^_ p^* / <^_ (jvi^ f ‘X- (j* / (j/u JjjG Jjyj< cf £— sJ ijis * j>fi 

«L-dO\ jf S S 1 f f ^ J&f SL ftf > \,lfl Jljs S k s. 

i> f fff? JiS If <L — J f fyz y (jJr (J‘> Js o" S ^fffsz f\j (JlTL' Csb'ti'ijjlrc <_-> 

Jl <=_ fsi m f fjy' <Jb <Li JL ^jYjl^ c-l S'fif S <^/L J w <(Jj Lf <gL L <=_l 
;i / </ Llf l/ JjAl- * /l/lf (jJ f Jrift f iL < JV^ (/»*» J LA J />/ ^Jjl 
y l/ / <£>*l-? (jj J>? Jl / »1 </ ‘ si ff' (jL/l L>/ <^_ J Jhr' i_b i_iL J j. >y >jL fT 
<<i_ 1%) j/<L_Jbyj L <^c>i (A s j&i (f (jyM^J. y £_J L j/;i>*i A / >y*i JI f si jif f t» jf 

i * *• • •• y 

lf J_ f Csff f Ssi 4~ / Ssf If <i_>U La'’ J Cic>l ^ 

iJ y j_ J L*iJ jf sj /, (ji>*J L) i -/ / (jTL/ i— I/. / iJr' > <^l>.> S jf f scjs* jft 
fffjlfl j/ j J)l <^ jtf j/ j / Jfcl (jjY(/l V If % L“UA fl^flf Jp Jj 4 >> fL/l 

/T >y lT Jjf *- r$ji \f fst ix v jjfs L j&f <£ </ ju j: <_jyi is? 4 £T Jj/i 
L I A <i> 1 <;J |>* / Jlr' 1^1 Li _*t 'if* iJL JJJJM f Si f\e^ Cic>l Jlrtl /(Jl (j/ (j/ (J l/J rr 

S IJ&lsf S f L_ <A-J ifcJ’ L 1 <4^ £->" Li L (/ (j-tf l>i ./ /> (j A <^UY Jj JvU 

>. i_ (J*l »l <■(/ jyjr* ji c^JILjL Li A. jyf- f) c— jf f / <-c>/ >L (jr (jljl Li 4 ■/ (/ 

X 9 / yj/ j/ J /(/>*; y * vJr jj ^uY J j / ji cf / ftfJf /<Lu. <^bY 

< 2 / Jrifi Jb scjf ‘S si Jj / jfj> S j s* L csjf) L < f x? jf f. f Lsi jf fjt) * 

i -ii ‘Jj 2-fjft offjj zSj jf ^fs^ )) c^ijj L <i_^L j)i (jf y ^jL^ S ^ f f f- jf 
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* ^jJ J / s) ‘Jyi J Cl jt cS'L / js I ^ oUr^ ^ S S- fyi [f' * i ujJ 

(jlU J? (f S <±- C&yz jjj L 1 j£* <(J>f Jj* l/ <^L*rU (jli'vl i-J/’ oUr^ £. S <±- )?.? f (Jl £*l 
i^fiU (J? /J y ii S jss sikf <_>> vii (j>? (Ju cJ (jiriy /~^ (-J L/J^ >y (jr? / *— Ti <_^" y (j^ (jJu 
(jl£ J S /1 ^>r (j ^ s f ' J(‘ 'L (— Tl jf , <?— jt (Jr*U (jl£ jf* / c/ (Jl i— /I V l>f JLk/l 

^ /L (‘l c/. jt j(~ S (jy/ SjL (JL Sjs S (Jl js\ C/Ur^ / c/ J ^UJ (JrLA <_^LF‘I ^ ( S\? 
jsi ‘j / z (Jj J oUr^ (-JL^ ^ ^Ul/jrL ‘zJ&L J. S <±- C&yz Jt> <■<£_ t ?SjtS Jr )\S J jf^ (jUJ 

♦♦ V it V ♦ 6 

(J>u j^iy (juj (jUr y (jyui^iji (_J/^ J~ ^ (j^ jf f/. <z— jt j?i>\( j. ji J>j 

c/ JJy^ <jf fcrY J. c— sj f jS yi jtS {? (j J J jA-l JUr J^ <^_ (Jl/*l S * ‘L^ <^Cj csf.f> 

iS SjlM/^yJ J(l£eSmolin) Jy" j ^bJ/L <(Jy / J(jyi/l$0rL J^L S J Jl l£^J 

<rf L~J(jJl J >rj* Zl jS js I (j>J y jJ 7 J>-lA y <£_ L/Cl/ Jy’l (j J J l/ (JrJr J” (jJ 

jS js\ S £j b)IjI lL c—\ js\ ‘Jyi (jl>. jt J. L- cULJ j . )?.s / ‘ jt csb(j)l S * (jfeJl <-Jr b)LJ 

V * (,— *** 

.Jyi tj) oUr^ Jly* J- jJ 

(jlJJ J jl (j (/"*' J J c^b-'l/ (jJ <-luC jtf izSj »j>1 J <z— J)J\)jJ /U J*” jS e— (J <^L/^ f*IU (Jl 
LvC U*J l/ ‘±J> jt jj\ S JsS U <i — /L? f\Sjfc 2 —SjSi Ju yf^ l/ (jl^*l l/I ^lJ^ S S S 

■S ±~j )?.? JU/< (J <^>r* lT^ y(j" (jJ ^ ± jtf jS jSlf ±~ f 
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lAr** 



J^ y (j/l? Zl cJ'l/l ^Jl> f/ J/ <z~ fL>*l (Jl//w </1 <L_Jj d/L yJ c^L/^ -£ (J^ ^L if* 

i}/ J j / y >/ <(J>f y~^ y fL>*l <£l ^b--/ lV i_-> (J^ <<^_ (J^/ (X (j/ / £ (J 1 (J^ 

jj? djI j c— wU (J^L? wCi <<^_ (J'l J/ * <</ b.jJiJlr' s, Cycle Model <£1 l? iJjm 

sjI jj J/ <L>? /L LL JJtfi LJ f' \cfe s/ (j yz jI & /Big Crunch ‘</ Jj/ jJ. J/ Jr 

‘</ Jj Jj{? Jtfi i/ ^ (l 1.1 J/') e/ Jjj Jj / Jff j~ Jj JJJ j/ JjlV' Jj\ 'j'Jf Jj\ </ (3/^1 
L- <L-J* > ifl ‘<~ t*r? ('C^I jj\ Jli I J iL iJjiJ^i \JJ /&\ S/ </ jl*\ (3/V (J^ (J'l -)/ J* 

yJjl (/ ^fjj JJ\ kZsj'j <^l> (JvjJJ <£l .)>> J)i 0J, L- ijjf </ S J^ J cJ L/ ^ (j/y (Jl 

• < f- J' JJ -/i cc- ( Mythologies ) 
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J>. /J Ji) /i .</ jfL iJJjj L- (Jr*W {jjb/ stft js\ Jjf J c/. I f jjss 

.L _ z-' (J~ S /f) ‘f~ ^ f y j/ <jJ js\ </ 1 ryifjs/ 

ll.l jf 

<U2 jf i j v> ss yr <l£ J 4 l)s>s*i if*l' Zftj-yj ^JtJ^ ss j (&I <L jt 

jf J/ss <<L- [f MrUC ->L? J&\ j L/sk ssljs A- <L J/i Li { s/ ‘S't jss jf s\/ jf JL 

Jjf J tif J> jt c/ v iju j/jfr Jj A~ jL jj j . J. <L <£-/ ssj JL\ <L jsjf/ jjj 

■</ tf '/* ^rk 

) jL)/s/ jj <z— I) j ssjJ li P. J& jf* j J&\ <L jf / jil <JL\ (Model) <L-J ss r 
.jtf J J S \S £ (f t3 \) <f J/\ * A- AL Js)\s j/ (ff jft ‘S-rt J3 ^ J (information Processing 

[f jt jf\ jA jtf ^Jj J j\) j j)\ b\b/\ J>l js\ g S L- * /tft Jf sj l^(Cycle Model) fjJ ijjss 

S Jf\ ‘X jjS [f jss / L S /- * <lj/ > Lj S ’L ^ l/l ‘</ J \f S* b \) <f \ (Jb Js / i / f 
‘Sst <z— s jjt (J~l j\s iLL f j f S ( Phoenix ) Jf P* S J33 <L- / j)/> <L- <ljs* Jj/ <Jj\ 

jf jsljs L<\f[f J-\ s/ js\ S ^ — J fS S (1$ j sl <zJJ jj k 2 *l/lfijls <tL f’ <z- oCH Jol^Y Sj 

J <L~sf L J> f j/ jjJ Jf) ij/f<Jf/\ ji j[ i jf\ J' S S ^ — L 

<zl- js j\j S S* j\) S j] f <A~ jf\ f Jf* S* ‘jf jS jj S jf\ jS </ Sf ~^ j -^l? ~)f\ 

jS '< ‘<L- /J\ ji\s <L- L- yi Jj jt ‘jff’ J-J f S~ J z 13 (3 <L- l/C/ jf cf <J— jf’ 

/L-\ f yt jVJ jljfl/ j/"\ <L 's\f P. L— jjs/ l\* f Anti-Gravitational jsJ jJ j/J 

I 




www.iqbalkalmati.blogspot.com 


<L- S f . ' /</ f / Si f S Sf J ^ <- — / /.& f ^ ** f- llJ\J jf -jf S jJ\ cl- Zll^j 

■S jyt ' r cf > '-?£ cXf/^ S j* 1 if 2 / (fj f\ ‘jf jf f l — m llJ jii J/ [f'\ 

(3 \ j\ ( t—ij. S S~/ <L 1 h\j€ llJ J^if '-/) J f \ j S-/ j\ji-> S- S/ f S ‘L & >i / (3>ir 

Jf< j>\ <L~ yi c/. P. \jt \yi Ijg <L-~ /i / lJL JL< S f-lfi ilPL t> *f LL L Jj jf jf‘i f * jf ‘f 
‘jf jf<$ Ji Jjl? ksi jt f (jf i L Jst Jl f j>\ b>J ‘Jy£ ‘<L- tJs? b\kf \ jL? c/. L 

(J / >> fl C2 f(J)\ L fl J f L Jf / jt [f S )\ f P. lL S llC f <jL\ / ^ ^ jf 

JJI wU J~ S JJjj >J\ <jj ijj ‘J>\ J/ S 2 — / Jj\p* y i_/y f Jf\ / jjj f Jj LLjy* * ‘£i- 

.1 fyi f /f tf\ f j Jj / Jf\ » jL» / jJ f ‘LL. 


f» ^L jf\ <l— jt Jl <jf >P.P Jf \ / jf [f' j>\ y JJe J [f' L-L j/ f <L— SJ JJL /jjL* /f\ 
I—tf J\) jt j\J\ /J LL&J f f JIJI <L-\) <L-\e JJtf. L jil) Jj jOj >)jJ <jj f'Uzi P ‘j U <tJ. jJJ ijt 
L LLp Jj\ 7 jt f )J f jf \J J/l 9 ) f ‘Jj 2—J tf / lJC f Jj jt £LJ> ))jJ jJ\ 9 ) Jt 
fc f fti ^ J'/lL' jf if ^Jf JI f\c L^JLJj)) ‘J lT jt Jjs Jyf< 

JiL f ‘*L lyt 7.f jf Jc/: £L\ jj. Lu <L-> L (Ju bL» ‘£L Jj * "f yj yj JcSf/ 
.f <L—> jtf ”JU" / )/ £ <f Jf \ £L- jt f <f (J \"JS LL*>.J f )/ LlC <J 


JS‘f f * jt f £l jJ\tk-/ jr\ f\j> > / tS* ^ L lMSl- tffjt/f 

S» f( Background Radiation) jt\S Jf' ji f Jjf ‘jftf tj> / I 'f jil> SfSf f / /\ 

iz/ffSc f <S \j > <l— iz/fS.‘S— Ly jt j)j > Jmi Jij j) i »j t>jL» // (3 fij/y J ^ S~ 

<L—\ ^ Si )P/ J\) LlU& [f' P. ‘ LL- f <L/ 7 1* ^ <J f ‘£L- f f SC / jJ.lj) CL- 

£L-\ f £L- f 2 — f Ll/'U L>f< ‘S f I f $ J)> Sff J J\> dS' f f' J^. S 2 — / fj) / ')\f 

) jft L f \J 2l/ bj fy jJb Ssz \/. <l- j\) j ))/ Sf >j /> S Jf 'r r S f ‘S J - 1 f f/ f S 

■</ (Lag 
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S iJjm jf S S LJe bj <fe. l jf f J <^<L A L- ( Richard Tolman ) S^ jj*j jt 1930 

lS jt <£> J LL j\il £—1 L~ <£— ( f j bjL' c/. tf fi ‘\e tJf l^(Symmetry) efl / ij/zil? 

J /f c— iJjjt' M iL Jl-' d/ f ‘S Jjlt ^J<7 f L~ JjJ& JIJI M ‘J Jj\ff jt JS S Jfd> <£> j! 7 
S j'f jlf e/Li Jt> ‘{f x J/ JL ^j!/ sjSsjjU S JL <S j! 7 sjfjjU S J\ J~ 

L'f ( b_^> M Jj jS S' S— j?j jfi ‘Syz »->l j c— J>. f jiJ* S ^ji7 y S lJ jSjS S 

jiyt sjLJ Jl <zsj<7 j?jj hsjl i Jf! y S 2— 1 7 ff S L* M S* ‘ tLf / 
JjjJ 2 Ij 2 — L Jj[j j^j! 7 <e/ tf^l/ c/ <L~ E — mc 2 JL ‘Lj/* iL /J Jf ! sjL JL Jtiy jflj 

l jSi LL ‘Jfc jt // JjJ <J~ <£l_y M Li C^lLLy l}Sjf S' /J Sl eJL ld'JJJs\ i jt 

jjiyjf J~ jjI jkj^ Jftf Jjj i Jfl iS ‘Jt 2Ly Jisjf J~ jj! JLjs_ 26 Jfts* jt /—f/ 
sjflj*. S J~f (3jX?f jV LL sjL g ?f, jf sjL ”bj 7 f" ‘eL. tj'i J jM. <JL ez— Jf< S. ty jtf s!y, <L 
■ S S ( jLiy (Jli eS ez— JjjJ Jjl eL. j!j j ( ^i/! <L jS* ' Jj J<7! J~ ‘f ii JjL jt e^jj7 S (3^1^ 

j!j. LL jf< <^y (Jjlt S <jL*iy ‘<L. tfjd 'j\\ji S hif Sij tif J> jt Jtiy jf jfi (^jL 
j 'jE f . j&j S ('!></! (jtiy jfu * y <L~/ <L h<f f f <^<L A 2— jS j? ‘eL, fd S *—jL 

f | fji 7 jOj SjLj jlf jf~ i ff <f~ Sf ! S~!j ef !jj <Z-~ Lff ‘ZJ&i <Z— jf S ' f ‘ • f- (f 

<£-/ ef wU jj! ef jjj sjLj <zJbi jt jjj j- 7 jJ <L fj <i jK Ij <r_ 2LL i-jff/ J~ ^l eL- / jjj 

SfLfL 

f ^<S /f L e^f/ 7 t ‘S f J'-ITL* f JLjtfji /7 ll*j J L lS flsL' f jjj 
2—jt fyt eL-f/. jlfl !>J / j / (JjJ 7. ‘/L- J>f/. ( (jl /j fj6 S (jtiy f Ijj La sfj ( (jtiy f<s_ JL< e^- 
1 7yt jt ILj jf L? /L f cLj A i>j! (jb'Y ‘S yi jti j/ fjf j ezc jjj jl?* jt e^jj7 Jf! <<i_ (j f jt jljj! 

jjl el~ ljfl /1 Sfs J/ / J A /LT^I ( jIjj! &ijl y cjlf e/fS fL d f 2— S S/ J! f ‘el^ 
jtf ff ez— S ^7 Jj! 7 S jt e/C ( S~* '7/ jtL I f Jt 2—/yi Sf <7. J jjj JL ( jt ff* 

.Siff 
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1 — f j>\ Xf X X\ £ </ S cf‘>* $ S J’if sf j*\ (f Sr 2— jyi) /. SL jJy 

jii i X iv S jfi £— Irlf f \ J/ j jJ f'L j X 7 . L Xy. X ‘jj 2—fj S XX jt (J’ \/ <L~ 

£L <C~ Ji/ if j>\ X y | ' j/ L . 1 J)jJ /J /J <L 1 i t'f c2>) <2L- jtf >7.7 Jy /J. jt 

Jj\ Li fljff j)l )lf <{J e±- k s. )\jJ J jfyi eJj. y jf\ jt )?.) \jyJj <L- \ jt )?.) Jy: /J. jt 

♦ 

<jft: Jy: <jJ. tL—'y. J "yi f j. Jy <jJ. JJ Jl. CJy <LL jJ\ jt >7.) Jy< jJ. >y* <~^L JL )l> jt Jj\/ 
6 /J jit 6Jf/ Ju.i f- Jf. <-f J{? tZsjy* Jjlf y f y y J\) X iz/j'JJ Jt> 

.X Jy )i y .y* Jy Jj. jf jt jt\ X Jl / ei~ t ’,y Jvl) X X jv Xl f jf l f j\ <Jy 

J A y S J* Jj jjX J />\ {*$ S^ X j>) X/ jt j)) Jff X\) X\ / y <^_ ty j\ y J\ Jt> 
X <^_ />)/* * titjy* lT%* J\ ‘jj tZsjy* j/ J j\) eZslyl JX< X Ji2 t—/)> X oj j 

J)\ {“/< f'i/ X J)) JX <if Xl eZ— X 8)1 j S X ji\) [f <-/ Jff eX X jtl X J)) X /i 

.X jftyt »L?>lr) 

fji /4 y ei~ \y t/ j j/ /—/» j>> a f\ < ^ /f) 8 >i j& fjtXnji ft^ J^cX t 

j)\ sjX )? x f. j\))\ <e^~ x i jj^ p. f j X l jfc xX /—/» X X </ X zy ' X 

££tjy* * <e^ Xj X X X\ tf jt > 7.7 jt y ly X IjttL > 7.7 y jj jjl/ / J! j)\ Jt jX* 
jf fy X X / \»l j/ J j X Jl X X) <X f \/ )) Jlfi £L~ ^UL J <X)J J> X j \/ )) Ju 

x\jfi/)>xj?j X Su, f jj 

j X * tX'L X J~ X&y (jjj) JiC J [jjj J j/ > /—/)) X 7 X ei-jj * J&i l /y X 

?l fy X / 1 f L X if JX X) Xy X X ji IT /—/» /—> X / X / L-y Z_i jib 

* ** ' ♦ *2 

j^Xji X f'//‘ez~ i'ji jy X' <£— j y L {*// Ji> j e)j X j Xi j L t—jy. X j/ > /—/)> j\ 
<^L }\) X\k Jj)\ / X Xl J X X/. j\)[ 'J\j jt f y 8ji)> j X/ > jf > eZ— jt eL-X / 

J\ Jt> X jf/X X) e£-\ <<£_ 1 %) jf j jX* j)\ j " L 7 . <£> jti </)) L £^j 7 7 * X t) ‘t£— 
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i j/ f- i— %■ &i / O) if U Cf / j) ir 

(Jy^ Y) f f Jr* y~f. i_ ( Thomas Gold ) JJ/" lY t^ (Jb (J^ Cl ijt (JQ J " fU 

J^ iLl (J'l (/*” (^i l^ (Ji^ ^iJy* Ji fl f S Ji Cfyz )lf. / C? U JJ) jt <k~/ S ')i ff S 
jt k~/ S )iff k. ifi f <l -) Ui jf J/ )jji L tSSy* / cf>) f- <L Ji t» *?) Ji S yi JfCf jt 

A~ i jia /5 S j/f. J / <L ll <Z*\aii) ek S Ji S. </- jj/) jtf 2—J)) jil) / J)fZ L XPi )?.) / ‘ 

J)! ei-\j yi )lfS jt f S / eL — / ‘f L- I S S~* f/ ^ f / 1 J S f— j£* ‘Jt 

f yi J. f Irlf / <fy J* ijf) j)i jy jif ^l ffifjia jt j)f> S ji jf ‘<l~ / Zl i Jjf f* ifj 

tfj <z— il (Jh*i M f f ' ) j? j S l£>) iLl ^ / f~ // i— Sf\ iff S j\) S (1980) (/l 

Quantum) UY* {jjf s jjv S \f Jl> f Sf\ JL ft ‘l)f <jf f <l~) j! ) iLt <z— 

jjf f <yi l/: Jljl jJ. ‘L- <Lej)f S (Symmetry) <J>) ff <f S JiJl S (Mechanics 

Murray Gell~ ) cL if L~/ Jfb v jt j Jj ‘jtf j) if Si/if iS' j J \/ /’/ S Y* 

jj/y f if <l~ S J f\L (J~l f J~ / iL ^kf ff S ( James Hartle ) f /ff’ (Mann 
jt j)) (JUI 4 Ji i — j\a 1 4 {f Jj 2—yz j.i y ‘JO <lLi j / L l f JL \f) f f / Ll <z— f\ / lJU S k>) 
Andrei ) f <i — /< Jb J )j <fi ‘Jy j.i y ‘JO L f f (f\f jtf L / Ju L~ ‘L- fie f o^J^ 
)[L~ j\j> I f <f J-l i_ Jt ‘L- f jt jij! sff i/\ y c^L'Yl f eSf <l— JJ (Jb-Yi— (Linde 

Sb S \/ S f ji/.i f f f f f } if Jrf S* I L f J)/ j i cl L>f) fj y S (fy* -0 

jiyf / f\ C— j/ j\jf! j/ <f eC Xf-/ /^ / <Zs\y\f f j/ if j[i /. <f~ j/ ' j / <L— ei/ J/ly 

j)! f <Sf Jf Jf * ‘f 1 j/ jlf Jf f cJj f/ jt c^t-YJl m< f f jjf i— L — JJ*i jt 1983 ‘<i- 
f 'JO f J! ‘f £/. f j /L y 0)1 j (Jt/I Jf J /)) ‘ f xf/. 0)1 j f j/i ‘f 0 / 6 $ eL- /JiJ 
wtj f e *y J’j ‘jf Ijj S j—x f ijoi jji 4.1 j i j!i J 'j ?y /— y'ij i-iu f. O'jj 

Lsiylj L- J! Jt> \jf ef f) B)l j J)l eZ- j\) J 0)1 j 0 ) \? xC< vf 2JI jiL f. ijj ‘I *l 0)1 j jt (j/ IjU /Ji 

j>fi ‘L- l<9 f/ c— I L A i>ji L J)jlj Zji e ljj/ Jl c — ifi ‘U f J/ Jj ^ t>)l j jt S f 
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\J\ [f' 7.\ ^ \J\ jf Lt i J j[pj\ (jtiy ejij cj. S * ‘S L/ ' ^ L-i? y <rJj ;^fl (X 2 — u L—j\ JL\ 
</ j[pj\ (Jliy oj[j S' JiU p. Jt> <£- irlf J' jt ^jjp f 2-JJa\ bjJ cj. <L-\j Sj / i jt L . 1 !—iU 

.</ L“lfT SU s. bjJ J LL\ Li ^Mjji ff bj 

jt jjf** S- jPtti'iJsf <i^j€ A- j\ £~tj / i j\j\ Llj Li s* yi Lf ^^Ll.Sp.l 

jji Bj[j Jliy SLj. S jfiU S ‘lS Lri X JJ\ J& <Lj / i <L-J J>~ {j)£ Cj. J~ Ji J\ ‘<L- Jlf <±S. 

(jf I S Bj[j ^ ^ S P. <-s\ ‘<L~ ijji Bj[j jf <Z— j\) J if ijti jt L iS \ j[}j f lLj4 S j\ ‘<l- 

jJ f\ jj> Jj J/ jt ^ iS jJ. S L/ S- uLs. A- ji ‘<l- i “ji Jt SL £- jLiu As c— j)£ 
bjJ j\ f Oj f \jJ jt S <l~ jf jtt Jt> S ji j/\ <L jhu (jfi bj y Lt S j)* f jjjjL 
<S jj’j *r * L < ‘f- ^ ls < il l — j ‘ji jt jj f ' jt jfiu t—ji ss. 

.S jjS ^ j'j? B )ij J io 

J\ Jj\ Ji liL \). J/ ^ J~ (J-/* J— jt jt I J^ IjJ BJ Jji <L~J tS <Zst^ f f L S <L~ jf jtt Jt> 
jC J\ jj\) if f ^ lLj^ jt Su S- J< LkL JJ ‘Jji <L-J Jy~ f\ P. Jji <Li <J| f /<[ <z— 

<L- lLS. [f\ P. jfc <L—ji f <J\ <Li JLl jt LJji / j)i jt LJji L- J ' L—jj. jj> <L- f/j jj <Ll 

— * (, ' ** V * * 

j j/ jf S Jrf <L- j?t\j j. zL zL jt. Jt l^ LL f J\? * Lt> <j iJji jt LL\/ i}\m\ 
jL jj? (j/i S (jyu ^ jij <L <?-. <Lj4 L (j/* <j jj jttLj\ ‘jj\ f /j jt <Lu j< <<l- Su ^ 

.jt i j / L jj jj\ (3 ji 

<Ll * tf ?<l~ jL\ (j / ^ Li-j j\} L. L jp.j L jjLt l — tj jt L jp.p L jjf jt'j L — ■/ jj tf 

LL y.jLjlpj’f' <z- <Ll Z—ji LL/ J}\ jLt l — j\r< L f jt J?U)| <—/j> L Jt L bj uS c- <Lt 
Life JjS ±\±> L/. Jj L\j <iL jt ( Physics Letters ) j }i jf} jt 1989 L ± — J ?Jt Lji 

:</. t<L bj <</ [j L/ Jlr' (/l jt Afler Inflation 
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(/*"(/>* J (ji“" > J S </- 

S &iS\ / JS' ijr* ^ v> /j/ ^ iL j~^ \ 

/> J„/S\ S j Sfjtr^ <^A £- 


Sii^jf 
iT* > Jytjrt 


( S c~ [jf' yi llj/ fj i Si S tty A- Ji \ tfyi l/V r^\ u/\ S /U S\ S £. S </ c / l — & 

>2* J>} Se~ cl (jy Uf J—ls 

/jjy f~ // f~ Jl ‘C~ ^ ej <L~ ^ <J s> <£- / X X / X jt /I l£j <L — / ^iJ £ ( iiy~ 

j£. S t/\ S jL 1 L /)& jt j)j Jjj cj S L~ Ji Ltx eli jx. \ / a j/ tSiJ jt Sl l 

j > l — / s f~ Sl t~\ <z~ (jr* j £ ( ji\ L-j / s J > s j S f ij S\ ji\ ‘f j/ LS /° jL S' 

f\ c~ i f sz Si j\ S S i f \ j £ * jj\ / S— /Ji j U( jS jt Sf? S Sl <t—/i> f j jsi >\ \ 
Sj Jj\ / S ^ SiM (f ‘X ds S s £- 2-$ i/( ti&MJjk 

jt f \)\ S fi f Jj ji\ f f JJ * ‘C~ f/ s_ f ( Steady State Theory ) <r/ 

) JX'i jt/; jt \ff f i c—\ ‘C~ j/ {JS j> \ s S <z-~ s ^\.f f~ f * s l)S* 

s„ SJ <L-} S JXj c~ ij f J\ ‘J L \if i Jj£> S ( Thomas Gold ) Xf /f l£ jj\ ( Hermann Bondi 
% L “ /i S? (Jl?- f ' yi I/. oii U ‘<l~ ff J£. J£. ‘C~ jtf JiL I jjl i'Jl ( Jl jt> ‘C~ jf / 

I i>yi JL jt <_jyi Sf £. J) jjJ* ( j\Sf S\ J^ J$ ‘<L~ ifj jS* Sf hs)\ f Jl (jy jjl c~ L“J 
L-ii £_ j)\ Jj if J S' S/ff J S) y? <£_ L—il S\) S*i \ /. £_ jf ‘Cs£ j)\ Sj\ ‘S \ /. j ~ ‘C~ 
SSlUSlf ‘C~ Jj jS S jliil S/ sjJi jX j f. jt> ‘C~ j) Syi f £f\)f 

** i • V * L I 

.j$ &*i /f jjt f j'iff ji ‘C~ jjj js* j\jj* jf f j)Sf 

Jlfnl (Jl>( S S j jti CsJi/ f E-i /£. ( (Jl£ J\ c— S Ji f L-f J\ S Jjlr* / 
c— >j f L-f Jl </ UjftjS jf f ll~/\ JbY £^L S A i>j\ S 1 } ff * J/ t>)lU ‘i \ S it.i c— 
J\£. J/i f f\/. f SiSf j )£.) L S J)\f\ f j'iSf S S (J'J f tLcJ j\£ f 
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j) lj£ if <—)L <L- <) 'st jtf j^ji/ S i — A />! />! f f- JLLJ f~ (3^/y f JyfL? <l — /Irz <</ f j 
L si <f s\fj £~ (Jliy j/ff 'jfl <-/ f t f kflLi L/ jf l <S <£ 1 )f\/ & »>*t* ^ 9 dt* ff ! 

tjj <z— )S/ j> ! )^ ‘<jtiy iS ‘-f) f- f- s/i 6i Jii ‘jf if Jl jt jSf jijtj t y S 1 ' f ' ffi « f 

.L/,J 



J <i j — b- < r 1 ‘ y "'Vf ‘‘~ J“j L'k i>y b J j--r til i_.*c f L t_/i' l/i 

V/f l*/^!>^ srl> >/* t/ 10 lC >^-/^ l/i i / f / / jjjf f ‘jl. iS‘j f j'n ^‘ \ ’t) jJ. lJi- 

&L)* i}lyi jt Jjs* Jtl fL L- /l f </ 0% ;=> <z— <fL jfL J( f ijjs c/ j!j& /ilzJ 

f /• >L <L~ Pi f if tf Jf I L/ ijff ff <z— Jf I ‘S-rf f S *-£? S f £— <f) jf* J~ f jl 

}f'jf/!<Jf' f <l~iL f jf ff * c— Jifi <~ J jftjji J Jh i_>? L f f}LV A ‘^L/jfjt S/- 
f jf f f LjJf' f S/ J! i__ ( Jayant Narlikar ) SjL *sJLj> jiI ( Fred Hoyle ) Jf ^ X) <<L- (jU (J^ 
Jf" *-fl A- <LL 1 — f Jf J/ ^ i ff) f (jl'iy i_ Jifl < /L S Xrf f~ Jjl/ Jl! 
<£L ”mc" y^L~J jt iPii oji }f t f”m" f ‘<L- f (jliy i£l S J fj / J 1 ‘S Sff j f > ^”j!/ 

.<L~i}yL'f f}f Jl/ (jt'jy Jf. 

L /~ ji! ‘fSyi! J<.S/fX>f <j__ c/. Ji! jS L )ff‘l) y f SS I f jff JJ* i__ Jl/ Jf Jf! 

<}yi / <•//'■> <-jf J >! S' SiL) f LiJf )f S f- /! S.isi <^cL A f S j\t <Jf J !jj * J/ 
Jl>* j^)L) Jj'. <z— <_» i-JlLJ f- Jjl / Jf! jtf ! y j}si <J>Lj) jffJ' Jf* j) jt (j^ S fL' <-/> 
/! S y! jS f )/' y S j}X f J L/! ‘Z' J * a ‘S }/! jtti/ j)l o)L !f !f jt j/. ijf* ‘\f S 
(j> j) 'f S'M f- ff!/ S/! f- <ff <J) S <l- Cfyi sjJLL Jl> <t 'yi jlJl sl s 2Lf <L- <ff <L- 
Ld oi jl)L jf ‘Si L/ 'j L/ f <zslyl Dj'ltL jf' )j!f f‘ L S <i—>L /L) Jf! j)! ‘Jsi iPiif f ^JL 
<jf. f j \) j S Jf! J>fl ‘S S— f—f 6 jL)) /. <f <J~/ <f fl jt j^j/ Jf ! ‘jfifjf. )f <->J 

c/. J Lsi lfj'1 ‘si <z- J/ f J f y <// f / J )/ 'XJ‘ s S^ ‘S * jf J S 

<f- fl <z— jt Jl jf !f (Event Florizon) (J) (// ) f) »* J <f <Si <<f- J*U ^ / !/) Jl> jf <z— 
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J> oj S f <S <S Sj S 'lP <z— Si P. j/ t£j f {}/ t/L Jyz <C~ Jy <Jj. <Zs>s! <J j/ 

<z- Og xz <z- Jl J)l J$ JJ I Jl> cj. tjO £~ <L — J <</ )lkf y / Jl j?) S Jf\ $yi j)3 <z— J'/ o)l J <z- 

Jljjl/ lj/l J JC/yi J/C* c— J)j!& jy?j! / <Zs!j! jS fS* k Jr/k jjl j)l <ZsS S 
S </> <z~ Jl ffsi !j} jt krj 'St 'J “0 } S jfJ tjf* ji ‘Jk f j/ // J. J iJ J Jl S/ ^ 

S LA? fj\) Irf jf* tlf S) Jc" jv jt jyir'l </z /i ‘k.) j/ <zj>\J>) i}/ / Jl y ^ <S^ JJI / 
<S/ l^l L~ jy/j <JL J! j)! / ^ jJ. S- j/lj f S j/ Jl ‘</ jj f\ i>J> <z— 6'A clJ. 

.e/j Z _ ! JLJ if' jt jJ. j\jS ijf <^)j 2~yz ojjt J)j J)j S~ krf J! S \)/ 

i£* <!j <l~) z I SSkk Jjlr*" <_Ji? J*' i/ <S S' &— i/ /j jC t» !k <S (Jl^l^* J)! if 
k [jjJ jtf l ‘<z~\<7 }yz ))jJ I) iS Jy ijf J Jl y Jyz S J) j)! JO) ))jJ il J L </~ Jf/k <l — /< Jl 
/t S~ <zskk jt jA Jt> ‘<£~k Jj tyz Jjl Jtfi jt j/j jj) /j J! j)! <^~J L'lf \Jt/ jt 
J~ ij S S/ <zJ/k c— )j / Jf-)/* jf ‘<Jr^ ^ S J! L <~rk LV l /I /j </ JJt/ / </J 

J c— <kt S <zskJ S Jl J j k< S <~ tyz j! '/*! c— <zskJ Sk Jjlr* Jt> <~ JS yj Jj L—k~ <L —j/. S 
/ A~ J! <L~ Jj j J <Jj jt j!vl j'l/ (J / <J/f' <z,M(V <z— )j S krj* 1 J 1 S p. J)l ‘<L~ fyz (/ J> 
t lyz >1 jJf S~\ LJiJ jt <z,kk /L Jl <l~ <z— / Ju <zsjy* * Sz J)l ‘<k/k 6*z !j< j/ Ji jt j)) 

jfiu /t S~ <zskk S <S <-*i <JL Sik <L~j\r< <zs/ <S ji Jii Jfj i/jj S <Siu <JL )S)ji p. jJj 

jSif Jjj‘iyz\J lSisS S fJjP JjSSjjS ^Sj! J*)f y‘^^S$ S- 

6/ jt <zskk )) jJ\) S JlJj^! j/ * ‘<~ Syz <^j) Jj SS jf! /J } </j ojC'j <S <f~/ ))jJ u j/ 
jt <z//k <z— )j S jS* J! S yz / / ))j/ / j)l fyz y> fjf ) L'i! <^_ f f' S J&l k Jl ol / Jt!) f' 
zS & 'J*> ^ <J1 S ! yz * k J! ‘Jj SLj aJ> t/ <^_~ JyJ S/ SS S J)S L <S J! /f S I) Syz 

S <-<)j j)! Jfl k J Sk L ju jS <S jhlHl / * <// jS / S J-’L I f S J! L j/ /j'. <Sl 0 ) Jj 
S yz S S * <^L <~S) ‘</ L “ S f S oj j£! <S jt/ f o)S S <z— <S P. U Lyl Sl S J~ </ 

.</ l~T S kS^i? S jS 0/. fj /jh fji) jt sS S/ S j/. 
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^U/J/ S <f- (JU f 4 yi L'Yl/ UU l/ Jlr' Zl <zsjJ^ uS y_ 2 U 2 - ±U. f . ’ y_ L>Y 

<L~ j. c/b ujj j~ u/u Yu cY)l (X l/lj u> 2 ijJ '2 1 # / oiH’JjJ S / S j A.-SJ 1 . 2 - 

Jr l/Lj * Jj &/. /f 1 iS <cYY j£ j/. S <z~ y% u £L i/i // ”-u* j£ 2//' p. <z~ S f u[ 
Jjj <z~f * x* 2 / JuV S c^u S's ij S <z~ U>y< (JU ‘S ‘£i~ jJ* <l, 2 S Si/jJ i>/ 

uJlU S P. <z~ L j [f' U’iS / J/ (jjl wL (J^ f (J? wLJ ‘L'lYJ L. c^y* ujTjJ <L 
yt f&l / S £~ C&yz SS/ t'/L? J [f' / J&l i/i ‘£~f S iS J [}U / UjS b jji J U'S 

.yi jjjU Jj S J 

Z-St /F jL J/\ <L ^jj J/\ ? u/ /j / if J S~S? J S/‘ t—iS^ JS f * S J 

jj i (jy \jj\j S 2 S & J/\ cc>< S\ ‘i/S <z—\ SS <j/ lTl/j <z~ ItU LU / Jz S uS uS SC/ 1/ L^ 
2^/ U S S ^ l/ <— ■ ~ (J~ S jj/j f j/ 2U 2~ ucc>( Lj Y t* (Y > I/ c^ULl 

<L LjJ* [f f>. cjLi ?2~ J . S c~ * L> ‘U* 2 j\S Suj JuLu v 2~ jJ Jyi /~Sjj\ 
fSl* ~jS y <S~ jr< * iS U j\/ L i)/* S\ ‘<z~ Jyi <LU S~ J\ J/* /f* S/\ ? <z~ t ?S fjj / fY (j/ 
^uSjS S\ jS 6/ »sf/ l ( u$ <zSj<l~ Jyi iS U U J JJ U 1 f^t*) c- IrU 

Y fyi f jS* Ljj (j / S ‘~-S > f 2 ‘<z~ (ju Sj sS/ c— Jji 2*/ 2 Jy> y irU>? 
Syi S L j/.j S P J/ U U. J/* /jJ* Jy^ Slji' f S\ <yi z f f 

M 2 j. J" Jy^ SS ‘£~/ Jyi S / J/U S y cu t/yi fu jf»* * jj\ cu jS^ J/ 1 / cYY/j 

jS/U^^—f *j j/y* >ij 2 jjJ /. J/\~J <L~L?i/.j uU j\u\ U S S\ ‘<j/ s <Jj/j lY l/J 

ij > yr ‘yi (j> U-> / cYl/ ?. <z~/f yif S jJ* Jy^ <^y* j// 2t> /S uS j yi jJ* 

|/ U jJ* 2 c/>Y / (JjY'V ^ cY J YT f S 2r j/* UH 2 >*jJ 

,LL* 
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